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a measure of power drawn by the building component. The
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of an air conditioning unit. The signal output by the sensor
may be received by a signal conditioning circuit for condi-
tioning the signal received from the sensor such as, for
example, by amplifying and/or filtering. A comparator may
be configured to compare the conditioned signal to a speci-
fied threshold associated with an ON condition and/or an
OFF condition of the building component. The apparatus
may include a wireless interface configured to wirelessly
transmit a determination of whether the building component
1Is ON or OFF based on the result determined by the
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METHOD AND SYSTEM FOR DETECTING
AN OPERATIONAL MODE OF A BUILDING
CONTROL COMPONENT

This 1s a continuation-in-part of co-pending U.S. patent
application Ser. No. 14/766,119, filed Aug. 5, 2015, entitled
“BUILDING CONTROL SYSTEM WITH DISTRIBUTED
CONTROL”, which 1s a National Stage of International
Application No. PCT/US13/25168, filed Feb. 7, 2013,
entitled “BUILDING CONTROL SYSTEM WITH DIS-
TRIBUTED CONTROL”, both of which are incorporated

herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to building man-
agement systems, and more particularly, to methods, sys-
tems, and devices for managing energy consuming units
such as discrete air conditioner units 1n a building such as a
multi-room or multi-zone building.

BACKGROUND

In many developing economic regions such as China,
India, and Brazil, smaller commercial and residential build-
ings oiten employ discrete air conditioner units, sometimes
referred as split air conditioner units, to control the envi-
ronmental conditions within the building. Larger buildings
may have multiple discrete air conditioner umts located in
different spaces or zones within the building. These discrete
air conditioner units are often mounted 1n a wall, window, or
ceiling of the building. The discrete air conditioner units are
typically manually controlled by the user, sometimes with
the aid of an RF remote control device. However, having
individual users manually control the various discrete air
conditioner units 1 a building can be energy ineflicient,
particularly when the users do not turn the air conditioner
units to a more energy eflicient setting when the building or
zone 1s unoccupied.

SUMMARY

The present disclosure generally relates to building man-
agement systems, and more particularly, to methods, sys-
tems, and devices for managing energy consuming units
such as discrete air conditioner units 1n a building such as a
multi-room or multi-zone building. In such systems, 1t can
be desirable to send out one or more control commands in
order to change an operational mode of a building compo-
nent such as an air conditioner unit, and to confirm that the
building component received the one or more control com-
mands and 1s operating in accordance with the desired
operating mode.

In one illustrative embodiment, an operational mode
sensor may be configured for detecting an operational mode
of a building component of an environmental control sys-
tem. In some cases, the operational mode sensor may be
used to sense an operational mode of a discrete air condi-
tioner unit or other building component. In some cases, the
operational mode sensor may include a sensor for outputting
a signal that 1s related to a measure of power drawn by the
building component. The sensed signal may be provided to
a signal conditioning circuit coupled to the sensor. The
signal conditioning circuit may be configured to condition
the signal recerved from the sensor. A comparator may be
coupled to the signal conditioning circuit and may be
configured for comparing the conditioned signal to a speci-
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fied threshold associated with, for example, an ON condition
of the building component. The operational mode sensor
may include a wireless interface configured to wirelessly
transmit a determination of whether the building component
1s currently ON or OFF based on the result determined by
the comparator.

Another 1llustrative embodiment may include a building
control system for controlling one or more building com-
ponents located within a building. The system may include
one or more discrete air conditioner units, or other building
components, coupled to a power source, one or more con-
trollers and a sensor configured to determine an operational
mode of the one or more of the discrete air conditioner units
and/or building components. The discrete air conditioner
units may be controlled by one or more discrete air condi-
tioner controllers that are configured to communicate with
and control the discrete air conditioner units via a first
wireless communications path. The air conditioner control-
ler may be configured to send out one or more commands to
the one or more discrete air conditioner units via the first

wireless communication path.

The building control system may include an operational
mode sensor associated with a discrete air conditioner unit.
The operational mode sensor may be configured to detect an
operational mode of the discrete air conditioner unit. The
operational mode sensor may include, for example, a sensor
for outputting a signal related to a measure of power drawn
by the building component. The sensed signal may be
provided to a signal conditioning circuit coupled to the
sensor. The signal conditioning circuit may be configured for
conditioning the signal received from the sensor. A com-
parator may be coupled to the signal conditioning circuit and
may be configured for comparing the conditioned signal to
a specified threshold associated with an ON condition (or
other condition) of the building component. The operational
mode sensor may include a wireless interface that 1s con-
figured to wirelessly transmit a determination of whether the
building component 1s ON or OFF based on the result

determined by the comparator.

An 1llustrative method for confirming that one or more
commands that were wirelessly sent to a building compo-
nent of a building were actually recerved and implemented
by the building component may include wirelessly sending
one or more commands to the building component, where
the one or more commands are configured to change an
operational mode of the building component to a predeter-
mined operational mode. Once the one or more commands
are sent, a measure of power consumed by the building
component 1s sensed and compared to a specified threshold.
Based on the comparison, it 1s determined i1 the building
component 1s in the predetermined operational mode. Once
this determination 1s made, one or more messages that
indicate 11 the building component 1s in the predetermined
operational mode 1s wireless transmitted, which then con-
firms that the one or more commands were received and
implemented by the building component.

The preceding summary 1s provided to facilitate an under-
standing of some of the mnovative features unique to the
present disclosure and 1s not mtended to be a full descrip-
tion. A full appreciation of the disclosure can be gained by
taking the entire specification, claims, drawings, and
abstract as a whole.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood 1n
consideration of the Ifollowing description of wvarious
embodiments 1n connection with the accompanying draw-
ings, in which:
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FIG. 1 1s a schematic view of an illustrative building
management system for controlling one or more building

components servicing the building or structure;

FIG. 2 1s a schematic view of an illustrative building
management system that may be used to coordinate and
control the one or more building components shown 1n FIG.
1

FIG. 3 1s a schematic block diagram of an illustrative
central coordinator;

FIG. 4 1s a schematic view of an illustrative building
management system that may facilitate remote access and/or
control;

FIG. 5 1s a schematic block diagram of another illustrative
central coordinator;

FIGS. 6 A and 6B are schematic views of two discrete air
conditioner controllers;

FIG. 7 1s a schematic block diagram of an illustrative
discrete air conditioner controller;

FIG. 8 1s a schematic view of an illustrative building
management system that may be used to provide operational
status 1information about the one or more building compo-
nents of FIG. 1;

FIG. 9 1s a schematic block diagram of an illustrative
operational mode sensor;

FIGS. 10A and 10B show block diagram representations
of different embodiments of the illustrative operational
mode sensor of FIGS. 8 and 9; and

FIG. 11 shows an illustrative method for confirming that
one or more commands that sent to a building component of
a building were received and implemented.

While the disclosure 1s amenable to various modifications
and alternative forms, specifics thereof have been shown by
way of example 1n the drawings and will be described in
detail. It should be understood, however, that the intention 1s
not to limit aspects of the disclosure to the particular
embodiments described. On the contrary, the intention 1s to
cover all modifications, equivalents, and alternatives falling
within the spinit and scope of the disclosure.

DESCRIPTION

The following description should be read with reference
to the drawings wherein like reference numerals indicate
like elements throughout the several views. The description
and drawings show several embodiments which are meant to
be illustrative in nature. Additionally, while the embodi-
ments described herein generally relate to controlling one or
more discrete air conditioner units servicing a building,
these are just some examples. It will be understood by those
of skill 1n the art that systems, methods, and devices, as
described herein, may be adapted and expanded to commu-
nicate with and control other building components that may
be used to service a building. Centralizing and coordinating,
control of multiple building components servicing a build-
ing may reduce operating costs and increase overall energy
elliciency of a building.

FIG. 1 1s a schematic view of a building or structure 6
including an 1llustrative building management system 2 for
controlling one or more building components servicing the
building or structure 6. The building management system 2,
as described herein according to the various illustrative
embodiments, may be used to control environmental con-
ditions and/or lighting 1n buildings such as, for example,
retail stores, commercial oflices, hospitals, clinics, restau-
rants, single family dwellings, hotels, multi-tenant build-
ings, and/or multi-use facilities. These are just some

examples. It will be generally understood that the building
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4

management system 2 may be expanded and adapted to
control and manage other systems and building components,
and may be deployed on a larger scale as the need arises. In
addition, the building management system 2, as described
herein, may provide a wireless retrofit solution for facilities
employing older building components that may be wired and
that are currently imncapable of recerving a wireless or digital
command signal. For example, the building management
system 2 may be configured to coordinate operational con-
trol of multiple building components servicing the building
or structure 6 that otherwise operate mndependently of one
another. This may increase operational efliciency, reduce
operational costs and maximize energy eiliciency of the
building or structure 2 in which the building management
system 1s deployed.

The 1llustrative building management system 2 shown 1n
FIG. 1 includes one or more discrete air conditioner con-
trollers 10, a central coordinator 14, and one or more sensors
18. The building management system 2 may be used to
communicate with and control one or more discrete air
conditioner units 20, and/or one or more lighting controllers
24 for controlling a lighting bank 26 having at least one light
unit 28 servicing the building or structure 6. In a simplified
embodiment, the building management system 2 may be
used to control a single discrete air conditioner unit 20
and/or a single lighting controller 24 controlling at least one
light unit 28. In other embodiments, the building manage-
ment system 2 may be used to communicate with and control
multiple discrete air conditioner units 20 and/or multiple
lighting controllers 24. The discrete air conditioner unmits 20
may be located in different zones or rooms of the building
and may be mounted, for example, on a wall, ceiling, or
window of the building or structure 6. Both the discrete air
conditioner units 20 and the lighting controllers 24 may be
powered by line voltage, and may be powered by the same
or different electrical circuit. While FIG. 1 shows four
discrete air conditioner units 20, and two lighting controllers
24 for controlling two lighting banks 26 each having at least
one light unit 28, it 1s contemplated that the building
management system 2 may be used to control other suitable
building components that may be used to service the build-
ing or structure 6.

The central coordinator 14 may be configured to control
the comiort level in one or more rooms and/or zones of the
building or structure 6 by activating and/or deactivating one
or more discrete air conditioner units 20 1n a controlled
manner. Alternatively, or in addition, the central coordinator
14 may be configured to control the lighting in one or more
rooms and/or zones of the building or structure by activating
and/or deactivating the lighting controllers 24 to operate the
lighting banks 26 in a controlled manner. In some cases, the
central coordinator 14 may be configured to transmit a
command over a wired or wireless network to a discrete air
conditioner controller 10 for operating a discrete air condi-
tioner unit 20. Each discrete air conditioner controller 10
may be located near or i close proximity to the discrete air
conditioner unit 20 that 1t controls. In some cases, as will be
described herein 1n greater detail, a discrete air conditioner
controller 10 may be configured to control two or more
discrete air conditioner units 20. The discrete air conditioner
controller 10 1s configured to transmit a command signal to
its corresponding discrete air conditioner unit 20 for acti-
vating or deactivating the discrete air conditioner unit 20 in
a desired manner. In some cases, the air conditioner con-
troller 10 may be configured to recerve a command from the
central coordinator 14 1n a first signal format, and to transmat
a corresponding command signal to the discrete air condi-
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tioner unit 20 1n a second signal format that the discrete air
conditioner unit 20 1s configured to receive. In many cases,
the first signal format transmitted by the central coordinator
14 1s diflerent from the second signal format received by the
discrete air conditioner unit 20.

In some 1nstances, the central coordinator 14 may be
configured to recerve a signal from one or more sensors 18
located throughout the building or structure 6. In some
cases, one or more sensors 18 may be integrated with and
form a part of one or more of the discrete air conditioner
controllers 10 located throughout the building or structure 6.
In other cases, one or more sensors 18 may be provided as
separate components of the building management system 2.
In still other instances, some sensors 18 may be separate
components of the building management system 2 while
others may be mntegrated with a discrete air conditioner
controller 10. These are just some example configurations.
The central coordinator 14 may be configured to use sig-
nal(s) received from the one or more sensors 18 to operate
or coordinate operation ol the one or more discrete air
conditioner units 20 and/or the lighting banks 26 located
within the building or structure.

The one or more sensors 18 may be any one of a
temperature sensor, a humidity sensor, an occupancy sensor,
a light sensor, a current sensor, and/or any other suitable
sensor. In one example, at least one of the sensors 18 may
be an occupancy sensor. The central coordinator 14 and/or
discrete air conditioner controller 10 may receive a signal
from the occupancy sensor 18 indicative ol occupancy
within a room or zone of the bwlding or structure 6. In
response, the central coordinator 14 and/or discrete air
conditioner controller 10 may send a command to one or
more discrete air conditioner units 20 and/or lighting con-
trollers 24 located 1n the room or zone where occupancy 1s
sensed for activating at least one discrete air conditioner unit
20 and/or lighting controller 24.

[ikewise, 1n some cases, at least one of the sensors 18
may be a temperature sensor configured to send a signal
indicative of the current temperature 1n a room or zone of the
building or structure 6. The central coordinator 14 and/or
discrete air conditioner controller 10 may receive the signal
indicative of the current temperature from the temperature
sensor 18. In response, the central coordinator 14 and/or
discrete air conditioner controller 10 may send a command
to one or more discrete air conditioner units 20 to activate
and/or deactivate the discrete air conditioner unit(s) 20 1n
that room or zone to regulate the temperature 1n accordance
with a predetermined temperature set point.

In yet another example, the sensor 18 may be a current
sensor 18. The current sensor 18 may be coupled to the
discrete air conditioner unit 20 and/or an electrical circuit
providing electrical power to the discrete air conditioner unit
20. The current sensor 18 may be configured to send a signal
to the central coordinator 14 and/or discrete air conditioner
controller 10 that 1s indicative of an 1ncrease or decrease 1n
current associated with the operation of the discrete air
conditioner unit 20. This signal may be used to provide
confirmation that a command transmitted by the central
coordinator 14 and/or discrete air conditioner controller 10
has been successiully received and acted upon by the
discrete air conditioner unit 20.

In some cases, the central coordinator 14 and/or discrete
air conditioner controller 10 may operate the one or more
discrete air conditioner umts 20 located throughout the
building or structure 6 in accordance with a programmable
operating schedule. In some cases, the programmable oper-
ating schedule may include two or more time periods for
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6

cach of two or more days, with each time period having a
corresponding temperature set point and/or a corresponding
lighting state. These are just some examples.

FIG. 2 provides a simplified, schematic view of an
illustrative building management system 2 that may be used
to coordinate and control the discrete air conditioner units 20
and/or lighting banks 26 shown in FIG. 1. In the example
shown in FIG. 2, the building management system 2
includes the central coordinator 14, at least one discrete air
conditioner controller 10, and, in some cases, at least one
lighting controller 24. The central coordinator 14 may be
configured to communicate with the at least one discrete air
conditioner controller 10 and the at least one lighting
controller 24 over a wireless network 40. The central coor-
dinator 14 may be configured to wirelessly communicate
over the wireless network 40 using one or more wireless
communication protocols such as cellular communication,
ZigBee, REDLINK™ Bluetooth, Wi-Fi, IrDA, infra-red,
dedicated short range communication (DSRC), EnOcean,
and/or any other suitable common or proprietary wireless
protocol, as desired. In some cases, the wireless network 40
may be an ad-hoc wireless network. In other cases, the
wireless network 40 may be a wireless mesh network and
more particularly, a ZigBee wireless mesh network. As
shown 1n FIG. 2, the building management system 2 may
include one or more sensors 18 that may be configured to
wireless transmit a signal to the central coordinator 14 via
the network 40 to facilitate operation and control of the
discrete air conditioner units 20 and/or lighting banks 26
servicing the building or structure 6. In addition, the wireless
network 40 may include one or more routers (not shown in
FIG. 2) to extend and expand communication at the network
level.

In some 1nstances, as shown in FIG. 2, a user interface 45
may be provided that is separate from the central coordinator
14 and that facilitates a user’s interactions with the central
coordinator 14 located within the building or structure. The
user interface 45 may be provided by a number of remote
devices including a smart phone, a tablet computer, a laptop
computer, or a desktop computer. In some cases, the user
interface 45 may communicate with the central coordinator
14 via a router 47 such as, for example, a Wi-F1 or Internet
router. In other cases, the user interface 45 may be provided
at the central coordinator 14 and share a common housing
with the central coordinator 14.

In some 1nstances, the discrete air conditioner control-
ler(s) 10 may include a first wireless interface 42 {for
receiving a lirst wireless signal from the central coordinator
14 sent via the wireless network 40 1n a first wireless signal
format. The discrete air conditioner controller(s) 10 may
also include a second wireless interface 44 for transmitting
a control signal to the discrete air conditioner unit 20. In
some cases, the first wireless interface 42 1s a radio fre-
quency (RF) wireless interface, and the second wireless
interface 1s an infra-red (IR) wireless interface. If the net-
work 40 1s a mesh network, the discrete air conditioner
controller(s) 10 may serve as the end node(s).

In some cases, the discrete air conditioner controller(s) 10
may be configured to transition from a sleep or passive mode
in which less power 1s consumed to an active mode 1n which
more power 1s consumed. The discrete air conditioner con-
troller 10 may be configured to transmit and/or receive
signals over the wireless network 40 while in the active
mode, and not transmit or receive signals over the wireless
network 40 while 1n the sleep or passive mode. In some
cases, the discrete air conditioner controller may be config-
ured to transition between the sleep mode and the active
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mode 1n accordance with a schedule. The transition schedule
may be transmitted from the central coordinator 14 to the
discrete air conditioner controller(s) 10 via the mesh net-
work 40. Alternatively, or in addition, the discrete air
conditioner controller(s) 10 may be configured to transition
from a sleep or passive mode to the active mode 1n accor-
dance with a beacon signal received from the central coor-
dinator 14.

FIG. 3 provides a schematic block diagram of an illus-
trative central coordinator 14 that may be utilized in the
building management system 2 of FIG. 2. In some cases, the
central coordinator 14 may be a dedicated tablet computer,
a laptop computer, a desktop computer, a smart phone, a
server, or other remote device used to coordinate and control
the various building components servicing the building or
structure 6. As shown 1n FIG. 3, the central coordinator 14
may include an input/output port 46 for transmitting and
receiving signals over the wireless network 40. In some
instances, the input/output port 46 can be a wireless com-
munications port for wirelessly sending and/or receiving
signals over the wireless network 40. In one example, the
input/output port 46 may include a low frequency radio
frequency (RF) transceiver for transmitting and/or receiving
RF signals on a ZigBee wireless mesh network. In other
cases, as will be described 1n greater detail herein, the central
coordinator 14 may also include a wired or wireless router
or gateway for connecting to a communications network, but
this 1s not required. The router or gateway may be integral
to the central coordinator 14 or may be provided as a
separate device. Additionally, the central coordinator 14 may
include a processor (e.g. microprocessor, microcontroller,
ctc.) 48 and a memory 352. The central coordinator 14 may
also have a user interface 36 including a display (not
shown), but this 1s not required. In some cases, the central
coordinator 14 may communicate with one or more remote
temperature sensors, humidity sensors, lighting sensors,
and/or occupancy sensors, which may be located throughout
the building or structure 6, via the I/O port 46. Additionally,
the central coordinator 14 may communicate with a tem-
perature sensor and/or humidity sensor located outside of the
building or structure for sensing an outdoor temperature
and/or humidity, 11 desired.

The processor 48 may operate 1n accordance with an
algorithm for controlling the one or more discrete air con-
ditioner units 20 and/or lighting banks 26 located within the
building or structure 6 as shown i FIG. 1. It will be
generally understood by those skilled 1n the art that the
discrete air conditioner units 20 may be controlled indepen-
dently of the lighting banks 26. The processor 48, for
example, may cause the central coordinator 14 to send out
command signals to one or more discrete air conditioner
units 20 1 accordance with a control algorithm that provides
temperature set point changes, humidity set point changes,
schedule changes, start and end time changes, operating
mode changes, and/or the like. Additionally, the processor
48 may cause the central coordinator 14 to send out com-
mand signals to one or more lighting banks in accordance
with a predetermined occupancy schedule, operating mode
changes, and/or in response to an indication of occupancy
received from an occupancy sensor located within the build-
ing or structure 6. At least a portion of the control algorithm
may be stored locally in the memory 52 of the central
coordinator 14.

In some cases, the processor 48 may cause the central
coordinator 14 to operate according to a first operating mode
having a first temperature set point, a second operating mode
having a second temperature set point, a third operating
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mode having a third temperature set point, and/or the like. In
some cases, the first operating mode may correspond to a
scheduled mode, and the second operating mode may cor-
respond to a comifort mode. The scheduled mode may be
modified by a user to suit the user’s particular expected
scheduling, and 1n some cases, may allow a user to change
one or more temperature set points and/or one or more
schedule times to suit the user’s needs. A comfort mode,
when provided, may allow a user to determine an operating
schedule, but may put some restrictions on the temperature
setpoints and/or schedule times to help balance a comiort-
able temperature set point with energy efliciency and cost
savings. A third operating mode, when provided, may cor-
respond to an economy mode, where the operating schedule
and corresponding temperature set points may be set by the
manufacturer and/or building owner, and may provide a
higher level of energy efliciency and cost savings. These are
just some example operating modes. It will be understood
that the processor 48 may be programmed to cause the
central coordinator 14 to operate according to additional
modes as necessary or desired. The number of operating
modes and the operating parameter settings associated with
cach of the operating modes may be established by the user
locally through the user interface 356. In some cases, the
processor 48 may be pre-programmed for the user’s conve-
nience with one or more default operating modes: sched-
uled, comfort and economy. In some cases, the user may be
able to select the default operating mode through the user
interface 56 of the central coordinator 14 for a selected
discrete air conditioner umt 20 or group of units and/or
lighting bank(s) 26.

In the 1llustrative embodiment shown 1n FIG. 3, the user
interface 56, when provided, may be any suitable user
interface that permits the central coordinator 14 to display
and/or solicit information, as well as accept one or more user
interactions with the central coordinator 14. Through the
user mterface 56 of the central coordinator 14, the user may
view and manage operation of building components (e.g.
discrete air conditioner units 20, lighting banks 26, etc.) that
service the building or structure 6. In some cases, the user
may be able to group one or more discrete air conditioner
unmts 20 and/or lighting banks 26 to form an operating group
and establish operating zones within the bulding or struc-
ture 6. Alternatively, or 1n addition, the user may be able to
set up an operating schedule and select an operating mode
for an individual discrete air conditioner unit 20 and/or a
group of discrete air conditioner units 20. Different operat-
ing schedules and/or operating modes may be selected for
different discrete air conditioner units 20 and/or groups of
discrete air conditioner units 20. The ability to view and
manage multiple building components servicing the build-
ing or structure 6, including one or more discrete air
conditioner units 20 and/or lighting banks 26, may facilitate
improved management of the facility wide energy load
which may lead to both energy and cost savings.

In one example, the user interface 56 may be a physical
user iterface that 1s accessible at the central coordinator 14
and may include a display and/or a distinct keypad. The
display may be any suitable display. In some instances, a
display may include or may be a liquid crystal display
(LCD), and 1n some cases a fixed segment display or a dot
matrix LCD display. In other cases, the user interface 36
may be a touch screen LCD panel that functions as both
display and keypad. The touch screen LCD panel may be
adapted to solicit values for a number of operating param-
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eters and/or to receive such values, but this 1s not required.
In still other cases, the user interface 56 may be a dynamic
graphical user interface.

The memory 52 of the illustrative central coordinator 14
may be i communication with the processor 48. The
memory 52 may be used to store any desired information,
such as the aforementioned control algorithm, set points,
schedule times, zones and groupings of air conditioner
controllers 10 and/or lighting controllers 24, and the like.
The memory 52 may be any suitable type of storage device
including, but not limited to, RAM, ROM, EPROM, flash
memory, a hard drive, and/or the like. In some cases, the
processor 48 may store information within the memory 52,
and may subsequently retrieve the stored information from
the memory 52.

FI1G. 4 1s a schematic view of another exemplary building
management system 60 that may facilitate remote access
and/or control using a remote device 62, and that may be
used to coordmate and control the discrete air conditioner
units 20 and/or lighting banks 26 shown in FIG. 1. In the
illustrative example shown in FIG. 4, the building manage-
ment system 2 includes a central coordinator 64, at least one
discrete air conditioner controller 10, and, 1n some cases, at
least one lighting controller 24. The central coordinator 64
may be configured to communicate with the at least one
discrete air conditioner controller 10 and the at least one
lighting controller 24 over a first wireless network 66. The
first wireless network 66 utilize one or more wireless
communication protocols including, but not limited to, cel-
lular communication, ZigBee, REDLINK™, Bluetooth, Wi-
Fi, IrDA, infra-red, dedicated short range communication
(DSRC), EnOcean, and/or any other suitable common or
proprietary wireless protocol, as desired. In some cases, the
first wireless network 66 may be an ad-hoc wireless net-
work. In other cases, the first wireless network 66 may be a
wireless mesh network and more particularly, a ZigBee
wireless mesh network. If the first wireless network 66 1s a
mesh network, the discrete air conditioner controller(s) 10
may serve as the end node(s).

In some cases, the discrete air conditioner controller(s) 10
may be configured to transition from a sleep or passive mode
in which less power 1s consumed to an active mode 1n which
more power 1s consumed. The discrete air conditioner con-
troller(s) 10 may be configured to transmit and/or receive
signals over the first wireless network 66 while 1n the active
mode, and may not transmit or receive signals over the first
wireless network 66 while 1n the sleep or passive mode. In
some cases, the discrete air conditioner controller(s) 10 may
be configured to transition between the sleep mode and the
active mode according to a schedule. In some cases, the
transition schedule may be transmitted from the central
coordinator 64 to the discrete air conditioner controller 10
via the first wireless network 66. In other cases, the discrete
air conditioner controller 10 may be configured to transition
from the sleep or passive mode to the active mode 1n
accordance with a beacon signal received from the central
coordinator 64.

In some instances, the central coordinator 64 may be
adapted to communicate over one or more additional wired
or wireless networks that may accommodate remote access
and/or control of the central coordinator 64 via a remote
device 62 such as, for example, a smart phone, tablet
computer, laptop computer, personal computer, PDA, and/or
the like. In some cases, the remote device 62 may provide a
primary and/or a secondary user interface for the user to
interact with the central coordinator 64. As shown 1n FIG. 4,
the central coordinator 64 may i1nclude a first communica-
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tions port 70 for communicating over the first wireless
network 66, and a second communications port 72 {for
communicating over a second network 76. In some cases,
the first wireless network 66 may be a wireless local area
network (LAN) such as, for example, a wireless mesh
network, as discussed above, and the second network 76
(when provided) may be a Wi-F1 network or a wide area
network such as, for example, the Internet. These are just
some examples. Other combinations of wired and wireless
networks may be utilized. Additionally, in some cases, the
building management system 50 may include a wired or
wireless router or gateway 78 for connecting to the second
network 76. The router or gateway 78 may be integral to the
central coordinator 64 or may be provided as a separate
device, as shown 1in FIG. 4. In some cases, the router or
gateway 78 1s a Wi-Fi1 or Internet router. Additionally, 1n
some cases, the gateway 78 may include a web server for
serving up one or more web pages that may be accessed and
viewed over the second network 76 and, 1n some cases, the
first wireless network 66, using the remote device 62.
Depending upon the application and/or where the user 1s
located, remote access and/or control of the central coordi-
nator 64 may be provided over the first wireless network 66
and/or the second network 76. A variety of wireless remote
devices 62 may be used to access and/or control the central
coordinator 64 from a remote location over the first wireless
network 66 and/or second network 76 including, but not
limited to, mobile phones including smart phones, PDAs,
tablet computers, laptop or personal computers, and/or the
like. In some cases, the wireless remote devices 62 may be
configured to communicate wirelessly over the first wireless
network 66 and/or second network 76 with the central
coordinator 64 via one or more wireless communication
protocols including, but not limited to, cellular communi-
cation, ZigBee, REDLINK™,  Bluetooth, Wi-Fi, IrDA,
infra-red, dedicated short range communication (DSRC),
EnOcean, and/or any other suitable common or proprietary
wireless protocol, as desired. Additionally, the wireless
remote device 62 may provide a user interface for interact-
ing with the central coordinator 64.
The wireless remote device 62 may be programmed to
include an application code that facilitates communication
and control with central coordinator 64. The application
program may be provided by and downloaded from an
external web service (e.g. Apple Inc.’s ITUNES®, Google
Inc.”’s Google Play, a proprietary server, etc.) for this pur-
pose, but this 1s not required. In one example, the application
code may cause the wireless remote device 62 to receive and
store data from the central coordinator 64. The application
programming code may translate the data received from the
central coordinator 64 and display the data to the user via the
user 1interface of the wireless remote device 62. Additionally,
the application code may be capable of accepting an input
from a user through the user interface of the wireless remote
device 62 and transmitting accepted data associated with the
input to the central coordinator 64. For example, 11 the user
inputs include changes to the existing control algorithm
including, for example, temperature set point changes,
humidity set point changes, schedule changes, start and end
time changes, zoning changes or changes to a group of
devices, the application program code may cause the wire-
less remote device 62 to update the control algorithm and/or
parameters of the control algorithm, as applicable, and
transmit at least a portion of the updated control algorithm
and/or parameters of the control algorithm over the first
wireless network 66 or second network 76 to the central
coordinator 64 where 1t 1s received via one or the commu-
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nications ports 70 or 72 and stored in the memory of the
central coordinator 64 for execution by the central coordi-
nator 64.

FIG. 5 provides a schematic block diagram of an 1illus-
trative central coordinator 64 that may be utilized in the
building management system 50 of FI1G. 4, discussed above,
and that may provide remote access and/or control of the
building management system 30 from a remote location
using a remote device 62. As shown 1n FIGS. 4 and 5, the
central coordinator 64 may include a first communications
port 70 for communicating over a first network (e.g. wireless
mesh network) and a second communications port 72 for
communicating over a second network (e.g. Wi-F1 or Inter-
net). The first communications port 70 can be a wireless
communications port including a wireless transceiver for
wirelessly sending and/or receiving signals over a first
wireless network 66. Similarly, the second communications
port 72 may be a wireless communications port including a
wireless transceiver for sending and/or receirving signals
over a second wireless network 76. In some cases, the
second communications port 72 may be 1n communication
with a wired or wireless router or gateway 78 for connecting,
to the second network, but this 1s not required. In some
cases, the router or gateway 78 may be integral to the central
coordinator 64 or may be provided as a separate device, as
shown 1n FIG. 4.

Additionally, the illustrative central coordinator 64 may
include a processor (e.g. microprocessor, microcontroller,
ctc.) 80 and a memory 82. The central coordinator 64 may
also include a user interface 86 accessible at the device, but
this 1s not required. For example, as shown in FIGS. 2 and
4, the user interface 86 may be provided by a remote device
(e.g. tablet computer or smart phone) that 1s separate from
the central coordinator 64. In some cases, the central coor-
dinator 64 may communicate with one or more remote
temperature sensors, humidity sensors, light sensors, current
sensors, and/or occupancy sensors located throughout the
building or structure 6 via the first wireless network 66.
Additionally, 1n some cases, the central coordinator 64 may
communicate with a temperature sensor and/or humidity
sensor located outside of the building or structure 6 for
sensing an outdoor temperature and/or humidity if desired.

The processor 80 of the central coordinator 64 may
operate 1n accordance with an algorithm for controlling the
one or more discrete air conditioner unmits 20 and/or lighting
banks 26 located within the building or structure 6 as shown
in FIG. 1. It will be generally understood by those skilled 1n
the art that the discrete air conditioner umts 20 may be
controlled independently of the lighting banks 26. The
processor 80 may, for example, cause the central coordinator
64 to send out command signals to one or more discrete air
conditioner units 20 1 accordance with a control algorithm
that provides temperature set point changes, humidity set
point changes, schedule changes, zoning and/or grouping
changes, start and end time changes, operating mode
changes, and/or the like. Additionally, the processor 80 may
cause the central coordinator 64 send out command signals
to one or more lighting banks 1n accordance with a prede-
termined occupancy schedule, operating mode changes,
and/or 1n response to an 1ndication of occupancy received
from an occupancy sensor 18 located within the building or
structure 6 (see FIG. 1). At least a portion of the control
algorithm may be stored locally 1n the memory 82 of the
central coordinator 64.

In some cases, the processor 80 may cause the central
coordinator 64 to operate according to a first operating mode
having a first temperature set point, a second operating mode
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having a second temperature set point, a third operating
mode having a third temperature set point, and/or the like. In
some cases, the first operating mode may correspond to a
scheduled mode, and the second operating mode may cor-
respond to a comiort mode. The scheduled mode may be
modified by a user to swt the user’s particular expected
scheduling, and 1n some cases, may allow a user to change
one or more temperature set points and/or one or more
schedule times to suit the user’s needs. A comfort mode,
when provided, may allow a user to determine an operating
schedule, but may put some restrictions on the temperature
setpoints and/or schedule times to help balance a comiort-
able temperature set point with energy efliciency and cost
savings. A third operating mode, when provided, may cor-
respond to an economy mode, where the operating schedule
and corresponding temperature set points may be set by the
manufacturer and/or building owner, and may provide a
higher level of energy efliciency and cost savings. These are
just some example operating modes. It will be understood
that the processor 48 may be programmed to cause the
central coordinator 64 to operate according to additional
modes as necessary or desired. The number of operating
modes and the operating parameter settings associated with
cach of the operating modes may be established by the user
locally through the user interface 86. In some cases, the
processor 80 may be pre-programmed for the user’s conve-
nience with one or more default operating modes: sched-
uled, comfort and economy. In some cases, the user may be
able to select the default operating mode through the user
interface 86 of the central coordinator 64 for a selected
discrete air conditioner umt 20 or group of units and/or
lighting bank(s) 26.

In the 1llustrative embodiment of FIG. 5, the user interface
86, when provided, may be any suitable user interface that
permits the central coordinator 64 to display and/or solicit
information, as well as accept one or more user interactions
with the central coordinator 64. For example, the user
interface 86 may permit a user to enter data such as
temperature set points, humidity set points, starting times,
ending times, schedule times, responses to alerts, and the
like. Additionally, the user interface 86 may permit a user to
establish zones within the building or structure 6 and to
group one or more discrete air conditioner controllers and/or
one or more lighting controllers together for building man-
agement purposes.

In one example, the user interface 86 may be a physical
user 1nterface that 1s accessible at the central coordinator 64,
and may include a display and/or a distinct keypad. The
display may be any suitable display. In some instances, a
display may include or may be a liquid crystal display
(LCD), and 1n some cases a fixed segment display or a dot
matrix LCD display. In other cases, the user interface 86
may be a touch screen LCD panel that functions as both
display and keypad. The touch screen LCD panel may be
adapted to solicit values for a number of operating param-
eters and/or to receive such values, but this 1s not required.
In still other cases, the user interface 86 may be a dynamic
graphical user interface.

In some cases, the user interface 86 need not be physically
accessible to a user at the central coordinator 64. Instead, the
user interface 86 may be a virtual user interface 86 that 1s
accessible via the first wireless network 66 and/or second
network 76 using a wireless remote device 62 such as one of
those remote devices 62 previously described herein. In
some cases, the virtual user interface 86 may include one or
more web pages that are provided over the first wireless
network 66 (e.g. LAN) by an internal web server imple-
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mented by the processor 80. When so provided, the virtual
user interface 86 may be accessed over the first wireless
network 66 using a wireless remote device 62 such as any
one of those listed above. Through the one or more web
pages, the processor 80 may be configured to display infor-
mation relevant to the current operating status of one or
more discrete air conditioner controllers 10 and/or one or
more lighting controllers 24 or group of discrete air condi-
tioner controllers 10 and/or one or more lighting controller
24 including the current operating status (e.g. on/oil), tem-
perature set point, actual temperature within the building,
outside temperature, outside humidity and/or the like. Addi-
tionally, the processor 80 may be configured to receive and
accept any user 1nputs entered via the virtual user interface
86 including temperature set points, humidity set points,
starting times, ending times, schedule times, zoning and/or
grouping changes, responses to alerts, and/or the like.

The memory 82 of the illustrative central coordinator 64
may be i communication with the processor 80. The
memory 82 may be used to store any desired information,
such as the atorementioned control algorithm, set points,
schedule times, building zones, groups of building compo-
nents, and/or the like. The memory 82 may be any suitable
type of storage device including, but not limited to, RAM,
ROM, EPROM, flash memory, a hard drive, and/or the like.
In some cases, the processor 80 may store information
within the memory 82, and may subsequently retrieve the
stored information from the memory 82.

Referring back to FIGS. 2 and 4, the central coordinator
14 and the central coordinator 64 may be both configured to
communicate with at least one discrete air conditioner
controller 10 for operating one or more discrete air condi-
tioner units 20. FIGS. 6 A and 6B are schematic views of two
discrete air conditioner controllers 10A and 10B that may be
utilized 1n either of the building management systems 2 and
50, described above. As shown 1n FIGS. 6A and 6B, the
discrete air conditioner controllers 10A and 10B each
include a housing 90 and a mounting bracket 94 or other
mounting feature to aid 1n mounting the discrete air condi-
tioner controller 10A, 10B to a wall or ceiling of the building,
or structure 6. If battery powered, the housing 90 may
include a battery holder for holding a battery or batter pack
(not explicitly shown). The housing 90 may have any shape
or size suitable for housing the internal electronics of the
discrete air conditioner controller 10A, 10B. In addition, the
housing 90 may include an opening or window 98 to aid in
transmitting one or more control signals to one or more
discrete air conditioner units 20. The opening or window 98
may extend at least partially around an outer perimeter or
circumierence of the housing 90. In some cases, the window
or opening 98 may extend from about 25 degrees to about
360 degrees and more particularly from about 180 degrees
to about 360 degrees about an outer circumierence of the
housing 90. The housing 90 may include a larger opening or
window 98 when the discrete air conditioner controller 10A,
10B 1s utilized to control multiple discrete air conditioner
units 20, but this 1s not required.

FIG. 7 1s a schematic block diagram of an illustrative
discrete air conditioner controller 100 that may be utilized 1n
a building management system such as described 1n refer-
ence to FIGS. 2 and 4, discussed above. The 1illustrative
discrete air conditioner controller 100 may correspond to the
discrete air conditioner controller 10A, 10B shown in FIGS.
6A and 6B.

As shown 1n FIG. 7, the illustrative discrete air condi-
tioner controller 100 includes a microprocessor or micro-
controller or 104 coupled to a first wireless interface 108 for
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remotely sending and receiving signals to and from a central
coordinator (e.g. central coordimator 14 or 64, discussed
herein), a second wireless interface 112 for sending com-
mand signals to one or more discrete air conditioner units
20, a memory 116, and a power source 120. In some
embodiments, the first wireless interface 108 may use a
different communication protocol than the second wireless
interface 112. The first wireless interface 108 may be, for
example any one of a mesh network wireless interface, an ad
hoc wireless network interface, or a Wi-F1 wireless network
interface. Because many of the embodiments described
herein provide a retrofit solution for coordinating existing,
discrete air conditioner units 20 that utilize infra-red tech-
nology, the second wireless interface 112 may be an infra-
red (IR) wireless interface, but this 1s not required. As
technology improves, other wireless interfaces employing
different wireless communication protocols may be utilized.

It 1s contemplated that other wireless interfaces may be
employed for the first wireless interface 108 and/or the
second wireless interface 112. In one embodiment, the first
wireless interface 108 may be a radiofrequency (RF) wire-
less interface and the second wireless interface 112 may be
an infra-red (IR) wireless interface. The first wireless inter-
face 108 may be capable of commumicating with a central
coordinator over a first wireless network 40 or 66 as shown
in FIGS. 2 and 4. As discussed above, the first wireless
network 40 or 66 may be a wireless mesh network and more
particularly, a ZigBee wireless mesh network. The air con-
ditioner controller 100 may serve as an end node 1n a mesh
network.

The 1llustrative discrete air conditioner controller 100
may be battery powered, solar powered, powered by a line
voltage, or some combination thereof. For example, in one
embodiment, the discrete air conditioner controller 100 may
be powered by a line voltage with a battery back-up. In other
cases, the discrete air conditioner controller 100 may be
battery powered, with no line voltage power source. These
are just some examples.

The microcontroller 104 may receive one or more oper-
ating parameters for operating one or more discrete air
conditioner units 20 (FIG. 1) from the central coordinator
14, 64 via the first wireless interface 108. Additionally, the
microcontroller 104 may receive one or more updates and/or
changes to the operating parameters from the central coor-
dinator 14 or 64 via the first wireless interface 108. The one
Oor more operating parameters or operating parameter
updates may be stored 1n the memory 116 for retrieval by the
microcontroller 104. Exemplary operating parameters may
include, for example, temperature set points, humidity set
points, start and end time changes, operating mode changes
or selections (e.g. scheduled mode, comiort mode, and
economy mode), zoming changes, grouping changes, and/or
the like.

In some cases, when the discrete air conditioner controller
100 forms a part of a mesh network, the microcontroller 104
may be configured to transition the discrete air conditioner
controller 100 between a sleep mode 1 which less power 1s
consumed and no or minimal (e.g. merely listening for a
beacon signal) network communication occurs, and an
active mode in which more power 1s consumed and the
discrete air conditioner controller 100 1s configured for
active network communication. In some cases, the micro-
controller 104 may be configured to transition the discrete
air conditioner controller 100 between the sleep mode and
the active mode according to a predetermined schedule. The
predetermined schedule may be communicated from the
central coordinator 14, 64 to the discrete air conditioner
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controller 100 via the first wireless network 40, 66. The
discrete air conditioner controller 100 may be configured to
transmit data to the central coordinator 14, 64 in the active
mode and then return to the sleep mode after the data has
been transmitted to the central coordinator 14, 64.

In some cases, the duration of the active mode may be
dynamically updated according to one or more density of
nodes on the first wireless network 40, 66 and/or the
expected traflic on the first wireless network 40, 66. The
updated active mode duration may be communicated from
the central coordinator 14, 64 to the discrete air conditioner
controller 100 as needed. In other cases, the microcontroller
104 may be configured to transition the discrete air condi-
tioner controller 100 from the sleep mode and the active
mode 1n accordance with a beacon signal received from the
central coordinator 14, 64. In one 1nstance, the microcon-
troller 104 may be configured to transition the discrete air
conditioner controller 100 from the sleep mode to the active
mode 1n accordance with a predetermined delay after receiv-
ing the beacon signal from the central coordinator 14, 64. In
some cases, the discrete air conditioner controller 100 may
remain in the active mode for a duration that 1s dynamically
set by the beacon signal received from the central coordi-
nator 14, 64.

In some cases, the memory 116 may store at least a
portion of a programmable operating schedule for operating,
one or more discrete air conditioner units 20 and/or one or
more lighting controllers 24 located within the building or
structure 6. The programmable operating schedule may
include one or more time periods per day or group of days,
with each time period having a corresponding temperature
set point and/or humidity set point. At least a portion of the
programmable operating schedule may be delivered from
the central coordinator 14, 64 to the discrete air conditioner
controller 100 over the first wireless network 40, 66 where
it 1s stored 1n the memory 116 of the discrete air conditioner
controller 100. The programmable operating schedule may
be delivered periodically to the discrete air conditioner
controller 100 and/or delivered to the discrete air conditioner
controller 100 in response to a change 1nitiated by a user. In
some cases, the microcontroller 104 may be configured to
send out one or more commands to a discrete air conditioner
unit 20 via the second wireless interface 112 1n accordance
with the programmable operating schedule stored in the
memory 116. Additionally, the microcontroller 104 may be
configured to recerve one or more scheduled updates to the
programmable operating schedule stored 1n the memory 116
via the first wireless interface 108 and update the program-
mable operating schedule accordingly. In some cases, the
discrete air conditioner controller 100 may be configured to
default to the last operating schedule stored in the memory
116 1n the event of a power failure or a lost network
connection.

In some embodiments, the discrete air conditioner con-
troller 100 may include a temperature sensor 124 and/or
occupancy sensor 128 coupled to the microcontroller 104.
The temperature sensor 124 and/or occupancy sensor 128
may be configured to send a signal indicative of the sensed
parameter (e.g. temperature or occupancy) to the central
coordinator over the first wireless network 40, 66 (FIGS. 2
and 4) via the first wireless itertface 108, 11 desired. In some
cases, the microcontroller 104 may be configured to send out
one or more commands to a discrete air conditioner unit 20
via the second wireless interface 112 1n an attempt to control
the temperature in response to the temperature sensed by the
temperature sensor 124 in accordance with a temperature set
point stored 1 the memory 116. In addition, the microcon-
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troller 104 may be configured to send out one or more
commands to a discrete air conditioner umt 20 via the
second wireless 1nterface 112 1n an attempt to control the
temperature sensed by the temperature sensor 124 after a set
point update has been received from the central coordinator
14, 64 via the first wireless interface 108.

When the discrete air conditioner controller 100 1ncludes
an occupancy sensor 128 in addition to or 1 lieu of a
temperature sensor 124, the microcontroller 104 may be
configured to control the temperature in response to an
indication of occupancy sensed by the occupancy sensor. In
some cases, the occupancy sensor 128 may detect motion or
movement 1n the room and/or zone of the building or
structure 6 1n which the discrete air conditioner controller
100 1s mstalled. The microcontroller 104 may be configured
to control the temperature in the room and/or zone in
accordance with first temperature set point stored in the
memory 116 when the occupancy sensor 128 indicates
occupancy. The microcontroller may be configured to con-
trol the temperature in the room and/or zone in accordance
with a second temperature set point when the occupancy
sensor 128 does not detect and/or indicate occupancy. In
some cases, the indication of occupancy may cause the
microcontroller 104 to send out a command to a discrete air
conditioner unit 20 1n accordance with a first temperature set
point stored in the memory 116 regardless of any pro-
grammed operating schedule that 1t may be currently fol-
lowing. The microcontroller 104 may be configured to return
to following the programmed operating schedule stored in
the memory when the occupancy sensor 128 no longer
indicates occupancy. This 1s just an example.

In some cases, the discrete air conditioner controller 100
may be configured to transition between a sleep mode and an
active mode. In some cases, when the discrete air condi-
tioner controller 100 1s 1n the sleep mode, at least one of the
temperature sensor 124 and/or occupancy sensor 128 may be
inactive. In other cases, when the discrete air conditioner
controller 100 1s 1 the sleep mode, at least one of the
temperature sensor 124 and/or occupancy sensor 128 may be
active. When the discrete air conditioner controller 100 1s 1n
the active mode, at least one of the temperature sensor 124
and/or the occupancy sensor 128 may be active and may be
configured to communicate a measure related to a parameter
(e.g. temperature or occupancy) sensed by the at least one
sensor (e.g., the temperature sensor 124 and/or the occu-
pancy sensor 128) to the central coordinator 14, 64 via the
first wireless interface 108. In some cases, the sensing of a
parameter (temperature, occupancy, lights, etc.) by at least
one of the sensors 124 and/or 128 may cause the discrete air
conditioner controller 100 to transition from the sleep mode
to the active mode. In one example, the discrete air condi-
tioner controller 100 may be configured to switch from the
sleep mode to the active mode when a measure related to a
parameter sensed by at least one of the temperature sensor
124 and/or the occupancy sensor 128 meets one or more
predetermined criteria. These are just some examples. It will
be generally recognized by those of skill in the art that the
discrete air conditioner controller 100 may also include
other types of sensors including, for example, a humidity
sensor, a lighting sensor, a noise sensor, and/or any other
suitable sensor, as desired.

In some cases, each discrete air conditioner unit 20 in the
building or structure 6 may be associated with and capable
of recerving command codes from a corresponding handheld
remote control unit (not shown) that 1s often provided by the
manufacturer of the discrete air conditioner unit 20. The
command codes transmitted by a handheld remote control
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unit may be unique to the discrete air conditioner unit 20 that
the handheld remote control unit 1s associated. In some
cases, the illustrative discrete air conditioner controller 100
may be configured to accept one or more command codes or
a set of command codes from a handheld remote control unit
associated with an individual discrete air conditioner unit 20
via the second wireless interface 112, and to use at least one
command code accepted from the handheld remote control
unit when transmitting one or more control commands to the
discrete air conditioner unit 20. The discrete air conditioner
controller 100 may be further configured to store one or
more command codes 1n the memory 116 where they may be
retrieved by the microcontroller 104. In some cases, the
discrete air conditioner controller 100 may be configured to
accept a command code from a handheld remote control unit
associated with a discrete air conditioner unit 20 as a raw
wavelorm. The raw waveform may be an infra-red raw
wavelorm, and the raw wavelorm may not be decoded
before being stored n the memory 116 of the discrete air
conditioner controller 100. In some cases, the raw waveform
may be a digital raw wavelform that has been digitized via an
A/D converter or the like.

In some embodiments, the discrete air conditioner con-
troller 100 may be configured to transmit one or more
command codes accepted from the handheld remote control
unit to the central coordinator 14, 64 via the first wireless
interface 108 where they may be stored in the memory 52,
82 of the central coordinator 14, 64. In some cases, the one
or more command codes may be transmitted to the central
coordinator 14, 64 as one or more raw waveforms. In some
cases, the command codes or set of command codes may be
stored 1n the memory 52, 82 for subsequent use by other
discrete air conditioner controllers 10. The central coordi-
nator 14, 64 may store the raw wavelorms in the memory 52,
82, and may not be decoded first. The central coordinator 14,
64 may be configured to retrieve and reproduce at least one
of the command codes stored 1n the memory 352, 82, and
transmit the reproduced command codes to the discrete air
conditioner controller 100, which may then use the com-
mand codes to eflect a desired change 1n operation of a
discrete air conditioner unit 20.

In some cases, the central coordinator 14, 64 may receive
multiple command codes for controlling multiple different
kinds of discrete air conditioner units 20. The central coor-
dinator 14, 64 may be configured to store the command
codes 1n a command code database stored in the memory 52,
82, which may include a plurality of command codes that
correspond to a plurality of different kinds of discrete air
conditioner units. In some cases, the database may already
include command codes corresponding to the most common
commercially available kinds or models of discrete air
conditioner units 20. These command codes may be pre-
loaded into the memory 52, 82 by the manufacturer, or
downloaded {from the internet. The central coordinator 14,
64 may be configured to identily and retrieve a set of
command codes for an individual discrete air conditioner
unit 20 and transmit the correct set of command codes for
the particularly type of discrete air conditioner unit 20 to the
corresponding discrete air conditioner controller 100 for use
by the discrete air conditioner controller 100.

In some cases, the discrete air conditioner controller 100
may receive the one or more commands from the central
coordinator 14, 64 for operating one or more discrete air
conditioner units 20 via the first wireless interface 108.
Based on the received command, the discrete air conditioner
controller 100 may select an appropriate command code
from the set of command codes stored in the memory 116
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and transmit the selected command code to the discrete air
conditioner unit 20 via the second wireless interface 112 to
control the discrete air conditioner unmit 20 1 a desired
mannet.

In some cases, the central coordinator 14, 64 may receive
a signal from the discrete air conditioner unit 20 or other
device confirming successiul receipt of the command code
by the discrete air conditioner unit 20. In one instance, the
discrete air conditioner unit 20 may be configured to trans-
mit an inira-red or digital signal to the central coordinator
14, 64 confirming successiul receipt of the command code.
In other instances, the signal may be an auditory or visual
signal. For example, in one case, the discrete air conditioner
unmit 20 may emit an audible tone, beep, or noise that may be
capable being received by the central coordinator 14, 64.
The visual signal may be a tlashing light or series of flashing
lights that may be detected at the central coordinator 14, 64.
In another instance, either the discrete air conditioner con-
troller 100 or central coordinator 14, 64 may include a
camera that 1s trained on the discrete air conditioner unit 20,
and that 1s configured to recognize a change 1n any param-
cter settings (e.g. temperature set point, humidity set point,
operating mode, etc.) that 1s displayed on a display of the
discrete air conditioner unit 20. The parameter settings may
form part of a two dimensional display of the discrete air
conditioner umt 10. These are just some examples.

FIG. 8 1s a schematic view of an illustrative building
management system 2 that may be used to provide opera-
tional status information about the one or more building
components of FIGS. 1, 2 and 4. In some cases, the building
management system 2 may provide a wireless retrofit solu-
tion for obtaining status information from building compo-
nents that may be installed within a building or structure 6,
and that may be incapable of transmitting a message 1n
response to a recerved wireless or digital command signal.
An operational mode sensor 218 may be used to determine
the operational mode of one or more building components,
and communicate the determined operational mode to a
controller, such as the discrete air conditioner controller 10
and/or the central coordinator 14 discussed above.

The building management system 2 may be configured to
control one or more building components located within the
building or structure 6. The building management system 2
may 1include one or more discrete air conditioners 20
coupled to a power source 160, a discrete air conditioner
controller 10 that may be configured to communicate with
and control the one or more discrete air conditioner units 20,
a central coordinator 14 that may be configured to accept
inputs for the one or more building components from a user
via a user interface, and an operational mode sensor 218
associated with one or more discrete air conditioners 20. The
operational mode sensor 218 may be capable of determining
a present operating mode of the one or more associated
discrete air conditioner units 20, and communicating the
determined operating mode to central coordinator 14 and/or
the discrete air conditioner controller 10. The central coor-
dinator 14, the discrete air conditioner controller 10 and/or
the discrete air conditioner unit 20 may be capable of
communicating over the wireless network 40 via one or
more wireless links 150 using one or more of the wireless
communication protocols discussed above (e.g., cellular
communication, ZigBee, REDLINK™, Bluetooth, Wi-Fi,
IrDA, infra-red, dedicated short range communication
(DSRC), EnOcean, and/or any other suitable common or
proprietary wireless protocol).

The central coordinator 14 may be configured to control
the comiort levels within one or more rooms and/or zones
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within the building or structure 6. For example, in some
cases, the central coordinator 14 may include a user interface
56, a memory 52, and a controller and/or processor 48,
wherein the processor 48 may be configured to receive
and/or accept an operating schedule from a user via the user
interface 56 and store at least a portion of the operating
schedule 1n the memory 52. In some cases, the central
coordinator 14 may send at least a portion of the operating
schedule to the discrete air conditioner controller 10 via a
wireless link 150.

The discrete air conditioner controller 10 may be com-
municatively coupled to the one or more discrete air con-
ditioner units 20 and the central coordinator 14 via the one
or more wireless links 150 via the wireless network 40. In
some cases, as discussed above, the discrete air conditioner
controller 10 may include the memory 116, a controller (e.g.,
the microcontroller 104), one or more sensors 124, 128 and
a communication circuit (e.g., an RF transceiver of the first
wireless interface 108 and an IR transmitter of the second
wireless interface 112) located within a housing. In some
cases, the memory 116 may be used to store at least a portion
of the operating schedule received from the central coordi-
nator 14. The microcontroller 104 may be configured to
communicate via the wireless link 150 to send out one or
more commands to the one or more discrete air conditioner
units 20 1n accordance with the operating schedule stored in
the memory 116. The discrete air conditioner controller 10
may command the discrete air conditioner unit 20 to enter a
specified operational mode, such as a cooling mode, a
fan-only mode, or a standby mode, and/or control to a
particular temperature.

In some cases, the discrete air conditioner unit 20 may not
be capable of communicating 1ts operational status (e.g., an
ON condition, an OFF condition, etc.) to the discrete air
conditioner conftroller 10 via the wireless link 150. For
example, while the discrete air conditioner unit 20 may be
capable of wirelessly recerving an operational command
(e.g. via RF command codes) from the discrete air condi-
tioner controller 10, the discrete air conditioner unit 20 may
not be capable of wirelessly communicating 1ts current
status back to the discrete air conditioner controller 10. In
some cases, the discrete air conditioner unit 20 may be
configured to provide information about i1ts current opera-
tional status on 1ts user interface (e.g., a liquid crystal
display, a seven segment display, a graphical user interface,
etc.). In such cases, the building management system 2 may
include one or more sensors 18, such as the operational
mode sensor 218, to provide information about the opera-
tional status of the one or more discrete air conditioner units
20 to the discrete air conditioner controller 10 and/or the
central coordinator 14. One or more operational mode
sensors 218 may also be used to provide information about
the operational status of one or more other building com-
ponents. For example, the operational mode sensor 218 may
be capable of sensing the operational status of one or more
other building components for lighting, heating, cooling
and/or for controlling indoor air quality. These may include
the status of a lighting component, a heat pump, a ventilation
device (e.g., a fan, a blower, etc.), a pump, a damper
controller, a valve controller, an electric heating device, a
furnace, a dehumidifier, a humidifier, an air exchange
device, a compressor, an air cleaner, and the like.

In some instances, the operational mode sensor 218 may
include a camera that i1s trained on the discrete air condi-
tioner unit 20, and that 1s configured to recognize a change
in any parameter settings (e.g. temperature set point, humid-
ity set point, operating mode, etc.) that 1s displayed on a
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display of the discrete air conditioner unit 20. The parameter
settings may form part of a two dimensional display of the
discrete air conditioner unit 10. In another instance, the
operational mode sensor 218 may include a light detector
that 1s traimned 1n on an LED indicator on the discrete air
conditioner unit 20. In yet another 1nstance, the operational
mode sensor 218 may include a temperature sensor, a flow
sensor and/or another suitable sensor that can be used to
detect or surmise the current operating state of the discrete
air conditioner unit 20.

In some cases, the operational mode sensor 218 may be
configured to sense a measure of power (e.g., a current)
consumed by the corresponding building component. Typi-
cally, alternating current (AC) electrical power may be
provided to the building and/or structure 6 via a single phase
clectrical distribution network, a three-phase electrical dis-
tribution network and/or locally via an electrical generator.
The electrical power may be distributed throughout the
bulding or structure 6 and may be made accessible to a user
via one or more power sources 160 (e.g., a distribution
panel, a power outlet, a junction box, etc.). AC power may
be provided at a voltage within a range from about 10V to
about 480V, at either 50 Hertz or 60 Hertz. In some cases,
the electrical power source may be associated with an
clectrical device (e.g., a transformer, voltage converter, etc.)
for converting the electrical line voltage to another voltage
level and/or frequency to provide electrical power to one or
more building components. For example, energy provided at
the power source may be converted to provide direct current
(DC) power at a particular voltage. The power source 160
may receive electrical power from the external electrical
distribution network and may be used to provide power to
one or more components of the building management sys-
tem 2.

In one example, the discrete air conditioner unit 20 may
be connected to a power source 160 (e.g., an electrical
distribution panel, an electrical outlet, etc.) via a power
connection 170 (e.g., a power cord and/or a multi-conductor
cable). The power connection 170 may include one or more
individual conductors and/or a cable having two or more
individual conductors within a common package. In some
cases, a device (e.g., the operational mode sensor 218) may
be placed used to sense one or more one or one or more
parameters (e.g., a current, a power usage, etc.) that 1s
associated with the current operational state of the discrete
air conditioner unit 20. The operational mode sensor 218
may then provide the current operational status of the
discrete air conditioner unit 20 to the discrete air conditioner
controller 10.

FIG. 9 1s a schematic block diagram of an illustrative
operational mode sensor 218 of FIG. 8. In some cases, the
operational mode sensor 218 may include one or more
current sensors 202, a signal conditioning circuit 204, a
comparator 206, a communication circuit 208 and a power
source 212. In some cases, the operational mode sensor 218
may 1nclude one or more of a processor 220, a memory 222,
a timer 224, a sensor 226 other than a current sensor, and an
adjustment circuit 230. The operational mode sensor 218
may be configured to determine a current operational mode
of an associated building component (e.g., discrete air
conditioner unit 20) using a sensed measure of power drawn
by the building component. For example, the current sensor
202 may output a signal related to a measure of power drawn
by discrete air conditioner unit 20. The signal conditioning
circuit 204 may condition the signal received from the
current sensor 202 and provide a conditioned (e.g., scaled,
filtered, etc.) signal to the comparator 206 for analysis. The
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comparator 206 may compare the conditioned signal to a
specified threshold associated with an operational mode
(e.g., an ON condition, an OFF condition, LOW, Medium,
High, etc.) of discrete air conditioner unit 20. Based on the
result determined by the comparator 206, the operational
mode sensor 218 may commumnicate a determination of the
current operational mode of the building component to the
air conditioner controller 10 and/or the central coordinator
14.

The operational mode sensor 218 may include one or
more current sensors 202 configured to output a signal
related to a measure of power (e.g., a current flowing
through a conductor) drawn by the building component
(e.g., the discrete air conditioner unit 20). The current sensor
202 may be capable of directly and/or indirectly sensing a
current 1n a conductor. For example, the current sensor 202
may include a resistive shunt that can directly measure
current flowing through a conductor. In such cases, a voltage
drop across the resistive shunt may be proportional to the
current flowing through the conductor. Alternatively, cur-
rents may be measured indirectly, providing electrical 1so-
lation between the conductor and the sensing circuit. For
example, the current sensor 202 may include a Hall Effect
sensor and/or a current transformer. In such cases, a current
carrying conductor, such as a conductor of the power con-
nection 170, may pass through an opening of a magnetically
permeable core, such as a center opening of a toroidal core.
The core of the current sensor may be a solid core, or may
be split to facilitate installation around the conductor. For
example, a split core may be coupled around at least one
conductor of a power cord of the building component. In
some cases, multiple current sensors and/or multiple cores
may be used for sensing current in each of two or more
current carrying conductors of a multi-phase power connec-
tion 170 to the power source 160. The one or more current
sensors 202 may produce an output signal corresponding to
the current flowing through a conductor of the multi-phase
power connection 170. In some cases, the output signal may
be a current having a specified range (e.g., between about 4
milliamps to about 20 milliamps), or a voltage waveform
centered on a specified oflset voltage. In some cases, the
output signal may have a waveform that tracks the wave-
form of the current through the conductors of the power
connection 170. For example, when the current sensor 202
senses a generally sinusoidal current waveform in the con-
ductor of the power connection 170, the current sensor may
output an output signal having a generally sinusoidal wave-
form.

The signal conditioning circuit 204 may be configured to
condition (e.g. amplily and/or filter) the output signal
received from the current sensor 202. For example, the
signal conditioning circuit 204 may include one or more one
or more electrical components for signal conditioning and/or
processing of the output signal received from the current
sensor 202. For example, the signal conditioning circuit 204
may include one or more discrete electrical components
(e.g., resistors, capacitors, inductors, diodes, transistors,
etc.) and/or one or more itegrated circuits, such as opera-
tional amplifiers, comparators, a rectifier (e.g., a full wave
rectifier, a hall wave rectifier), a microprocessor, a micro-
controller, an application specific 1ntegrated circuit
(“ASIC”), and/or an application specific standard product
(“ASSP”). In some cases, the signal conditioning circuit
may include a regulated voltage input for receiving a scaled
voltage that may be used with one or more of the electrical
components for biasing other electrical components and/or
scaling an output signal. The signal conditioning circuit 204
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may condition the output signal of the current sensor 202 to
correct for oflset, sensitivity, non-linearity, temperature
effects, and/or other variations. In some cases, the current
sensor 202 may provide an AC output signal corresponding,
to the AC current drawn by discrete air conditioner unit 20.
In such cases, the signal conditioning circuit 204 may
include a rectifier (e.g., a full-wave rectifier) for producing
a value (e.g., a DC value) corresponding to a magnitude of
the current drawn by discrete air conditioner umt 20.

The signal conditioming circuit 204 may include one or
more filters configured to filter electrical noise and/or other
extraneous signals that may be coupled into the output signal
provided by the current sensor 202. For example, the signal
conditioning circuit 204 may include a low-pass filter imple-
mented as a combination of integrated or discrete elements,
such as a resistor and a capacitor configured as a series RC
network. Although a first order low-pass filter may be used,
it 1s contemplated that any combination of analog or digital
filters can be used, including one or more high pass filters,
low pass filters, band pass filters, notch filters, passive filters
(e.g., having “1” sections, “m” ) active filters

T sections, eftc.
(e.g., Chebyshev filter, Butterworth filter, etc.), IIR filters,
FIR filters, and/or any other suitable filter or filter combi-
nation.

The comparator 206 may be communicatively coupled to
the current sensor 202, the signal conditioning circuit 204
and/or the communication circuit 208. The comparator may
include one or more discrete electrical components (e.g., a
resistor, a capacitor, an inductor, a diode, a transistor, etc.)
and/or one or more integrated circuits (e.g., an operation
amplifier, a comparator, an ASIC, a microprocessor, a micro-
controller, an ASSP, etc.). In some cases, the comparator 206
may receive the conditioned signal from the signal condi-
tioning circuit 204 and compare at least a portion of the
conditioned signal to one or more specified thresholds or
threshold levels. For example, the comparator may compare
the conditioned signal to a specified threshold associated
with an ON condition of the bwlding component (e.g.,
discrete air conditioner unit 20). That 1s, when the condi-
tioned signal 1s greater than the threshold, an ON condition
of discrete air conditioner unit 20 may be indicated. Con-
versely, when the conditioned signal 1s less than the thresh-
old, an OFF condition of discrete air conditioner unit 20 may
be mdicated.

In some cases, the comparator 206 may compare the
conditioned signal to two or more specified thresholds. For
example, a first threshold may correspond to a first opera-
tional mode of discrete air conditioner unit 20, and a second
threshold may correspond to a second operational mode of
discrete air conditioner unit 20. In some cases, the first
operational mode and the second operational mode may
correspond to operational modes when discrete air condi-
tioner unit 20 1s ON. For example, the first threshold may
correspond to an operational mode indicating that a fan 1s
ON, and the second threshold may correspond to an opera-
tional mode 1indicating that both a compressor and the fan are
ON. A third threshold may be used to determine when
discrete air conditioner unit 20 1s 1n a standby mode, such as
when the air conditioner 1s ON and neither the fan nor the
compressor 1s ON. For example, the comparator may deter-
mine that the air conditioner has been powered OFF, or 1s
otherwise not receiving power when the conditioned signal
1S less than the third threshold. In some cases, the one or
more thresholds may be configurable

In some cases, the operational mode sensor 218 may
include an adjustment circuit 230 that may include one or
more electrical components 232 and a user interface 234.
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The adjustment circuit 230 may be coupled to the compara-
tor 206 to allow a user to adjust one or more of the thresholds
used by the comparator 206. For example, each of the
thresholds may be a specified voltage level associated with
a particular current drawn by discrete air conditioner unit 20.
The adjustment circuit 230 may allow a user to configure the
operational mode sensor 218 to a particular current sensor
and/or a particular model of discrete air conditioner unit 20.
In some cases, the arrangement of the one or more electrical
components (e.g., one or more voltage dividers) may allow
a user to select between predetermined voltage levels for
each of the thresholds. In some cases, the one or more
clectrical components may include one or more variable
resistors (e.g., potentiometers, rheostats, etc.) that may allow
a user to continuously adjust a voltage level until a desired
threshold value 1s reached.

The user interface 234 may include one or more switches
and/or transducers. For example, the user interface 234 may
include one or more switches, such as dual inline package
(DIP) switches, capable of allowing a user to switch between
particular discrete voltage levels to select one or more
desired thresholds. In some cases, the user interface 234 may
include access to one or more transducers associated with
one or more variable resistors to allow the user to adjust one
or more thresholds. In some cases, the adjustment circuit
230 may allow for remote configuration. For example, the
adjustment circuit may include an integrated circuit (e.g., an
ASIC, a field programmable gate array (FPGA), a micro-
controller, etc.) that may be capable of receiving a configu-
ration command from a remote device (e.g., the air condi-
tioner controller 10, the central coordinator 14, a personal
computer, etc.). For example, the remote device may com-
municate the configuration command to the operational
mode sensor 218 via the wireless network 40. The command
may be recerved via the communication circuit 208 and
interpreted by the electrical components 232 of the adjust-
ment circuit 230, wherein the adjustment circuit adjusts the
one or more thresholds used by the comparator 206 1n
response to the received command.

The communication circuit 208 may include one or more
communication ports 210 to facilitate communication over
one or more wireless networks 40 via the wireless link 150.
The communication port 210 may include an antenna to
allow the operational mode sensor 218 to communicate
wirelessly over a wireless LAN, a wireless mesh network
and/or another wireless network discussed above. In some
cases, the communication port may support one or more
wired connections for facilitating communication over one
or more wired communication networks. Such networks
may operate using one or more communication protocols,
such as cellular communication, ZigBee, REDLINK™, Blu-
ctooth, Wi-F1, IrDA, infra-red, dedicated short range com-
munication (DSRC), EnOcean, and/or any other suitable
common or proprictary wireless and/or wired protocol, as
desired. The communication circuit 208 may be used by the
operational status sensor to transmit a determination of
whether the building component 1s ON or OFF based on the
result determined by the comparator, via the wireless net-
work 40 and/or a wired network.

In some cases, the communication circuit 208 may be
configured to receirve one or more messages from another
device, such as the discrete air conditioner controller 10
and/or the central coordinator 14. For example, the discrete
air conditioner controller 10 may transmit a command to the
operational mode sensor 218 requesting the operational
mode of the monitored discrete air conditioner umt 20. In
response, the operational mode sensor 218 may determine
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the operational mode of discrete air conditioner umt 20, such
as by using the comparator 206. The determined operational
mode of the discrete air conditioner unit 20 may then be
communicated to the discrete air conditioner controller 10
and/or the central coordinator 14. The communication cir-
cuit 208 may include one or more transceivers for wirelessly
sending and/or receiving signals over a first wireless net-
work 40. The communication circuit 208 may comprise a
custom 1ntegrated circuit and/or chipset configured to com-
municate using a particular protocol, such as a Zigbee
transceiver, a Bluetooth transceiver, a WiF1 transceiver, and
the like. In some cases, the communication circuit may be
configured to minimize power consumption of the opera-
tional mode sensor 218. For example, the Zigbee transceiver
chip may sleep when not transmitting, which may allow the
operational mode sensor 218 to maximize the available
energy of the power source 212.

In some cases, the operational mode sensor 218 may be
configured to operate on a mesh network. In some cases, the
operational mode sensor 218 may be configured to transition
from a sleep or passive mode i which less power 1is
consumed to an active mode in which more power 1is
consumed. Additionally, the operational mode sensor 218
may be configured to transmit and/or receive signals over
the wireless network 40 1n the active mode. The operational
mode sensor 218 may not transmit or receive signals over
the wireless network 40 in the sleep or passive mode. In
some cases, the operational mode sensor 218 may be con-
figured to transition between a sleep mode and an active
mode 1n response to a request for an operational mode of the
associated discrete air conditioner unit 20. The transition
schedule may be dictated by the central coordinator 14
and/or the discrete air conditioner controller 10 via the
network 40. In some cases, the operational mode sensor 218
may be configured to transition from a sleep or passive mode
in accordance with a beacon signal received from the central
coordinator 14. In some cases, the operational mode sensor
218 may be configured to transition between a sleep mode
and an active mode according to a schedule. For example,
the operational mode sensor may include a timer 224. The
timer 224 may include one or more discrete electrical
components and/or integrated circuits and may be config-
ured to time a specified duration. In some cases, the opera-
tional mode sensor 218 may transmit the determined opera-
tional mode of the building component (e.g., discrete air
conditioner unit 20) via the communication circuit 208 after
a specified duration that 1s timed by the timer 224. In some
cases, the duration timed by the timer 224 1s configurable by
a user.

In some cases, the operational mode sensor 218 may
include a power source 212 that may include one or more
charge storage devices and/or components capable of storing
energy, such as a capacitor, a battery, or another electrical
and/or mechanical component capable of storing a voltage.
For example, the operational mode sensor 218 may include
a port capable of receiving a battery. In some cases, the
battery may be rechargeable from an external power source
and/or by using internal circuitry within the operational
mode sensor 218. For example, the operational mode sensor
may be configured to steal power from one or more con-
ductors supplying power to the monitored discrete air con-
ditioner unit 20. The stolen power may be used to power the
operational mode sensor 218 and/or recharge the charge
storage device.

In some cases, the operational mode sensor 218 may
include logic to communicate an indication of the remaining
energy 1n the power storage device to a user. For example,
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the operational mode sensor 218 may include a visual
indicator (e.g., an LED), where a status of the wvisual
indicator (e.g., a color, an illumination level, etc.) may be
associated with an acceptable power level. The visual 1ndi-
cator may change color (e.g., from green to red) and/or
change states (e.g., turn on, turn ofl, etc.) to indicate that the
power level has dropped below a threshold associated with
an acceptable power level.

In some cases, the operational mode sensor 218 may
include a controller and/or processor 220 and a memory 222,
but this 1s not required. The processor 220 may be config-
ured to access instruction stored in the memory 222 to
perform one or more functions of the signal conditioning
circuit 204, the comparator 206, the communication circuit
208, the timer 224, and/or the adjustment circuit 230. For
example, the processor 220 may include an analog-to-digital
converter and may convert an analog output signal received
from the current sensor 202 to a digital circuit for signal
conditioning and/or other processing. As such, the processor
may perform one or more functions of the signal condition-
ing circuit 204 by processing instructions to provide a value
corresponding to a magnitude of the current signal and/or to
filter or otherwise condition the output signal received from
the current sensor 202.

The memory 222 may be used to store any desired
information, such as the aforementioned instructions, set
points, schedule times, diagnostic limits such as, for
example, differential pressure limits, delta T limaits, and the
like. The memory 222 may be any suitable type of storage
device mcluding, but not limited to, RAM, ROM, EPROM,
flash memory, a hard drive, and/or the like. In some cases,
the processor 220 may store information within the memory
222, and may subsequently retrieve the stored information
from the memory 222.

In some cases, the processor may be configured to process
instructions for comparing the conditioned signal to one or
more thresholds. In some cases, the thresholds may be
pre-selected and stored i1n the memory 222. In other cases,
the thresholds may be entered and/or modified by a user,
either locally through a user interface at the operational
mode sensor 218 and/or via the wireless network 40. The
memory 222 may be capable of storing information about
one or more air conditioner models, thresholds correspond-
ing to current levels associated with one or more operational
modes of the one or more air conditioner models, and the
like. The controller and/or processor 220 may be configured
to determine the specified threshold using the information
about the one or more different air conditioner models. In
some cases, the processor 220 and the memory 222 may be
used to monitor and/or store information about the current
drawn by and/or the operational modes of discrete air
conditioner unit 20 for a specified duration. For example, the
processor 220 may perform instructions to determine a duty
cycle of the air conditioner unit by momitoring the condi-
tioned current signal over a specified duration. For example,
the processor 220 may use one or more thresholds associated
with an ON condition, wherein the duty cycle may be
calculated by comparing a duration spent ON to a duration
spent OFF. In some cases, the controller and/or processor
220 may determine an operational mode of discrete air
conditioner unit 20 using the duty cycle.

In some cases, the operational mode sensor 218 may
include one or more other sensors 226, such as a humidity
sensor, the temperature sensor 124 and/or the occupancy
sensor 128 discussed above. The sensors 226 may be con-
figured to provide a temperature and/or occupancy signal to
the processor 220 for use 1n determiming an operational
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mode. In some cases, the one or more sensors 226 may be
communicatively coupled to the communication circuit to
provide a sensed signal (e.g., a temperature, an occupancy
state, a humidity, etc.) to a controller, such as the air
conditioner controller 10 and/or the central coordinator 14.

FIGS. 10A and 10B are block diagrams of different
examples operational mode sensor configurations. FIG. 10A
shows an operational mode sensor 218 having a clamp style
and/or split ring current sensor 202 external to a housing
252. In some cases, the current sensor 202 may be coupled
to the housing 252 of the operational mode sensor via a cable
254. In other cases, the housing 2506 of the current sensor
202 may be imtegrated with the housing 252 forming a
continuous housing. In some cases, the current sensor may
include a mechanism allowing the current sensor 202 to be
clamped around a conductor 258 of the power connection
170 (e.g., a power cable) to discrete air conditioner unit 20.
In other cases, the current sensor 202 may include one or
more removable sections 260, wherein a user may remove
one or more of the removable sections 260 to allow the
conductor 258 to pass through the opeming 262 through the
current sensor 202.

FIG. 10B shows a block diagram representation of an
operational mode sensor 218 having one or more current
sensors 202 integrated within a common housing 370. In
some cases, the operational mode sensor 218 may be con-
figured to be electrically coupled between the power source
160 (e.g., a power outlet 162) and a plug 172 of the power
cord 170 of discrete air conditioner unit 20. For example, the
operational mode sensor 218 may be plugged 1nto the power
outlet 162 and the power cord 170 of discrete air conditioner
umt 20 may be plugged into the operational mode sensor
218. In some cases, one or more conductors 372 may be
configured to pass electrical power from the power outlet
162 to the plug 172. The current sensor 202 may be
positioned around and/or adjacent to the conductors 372 to
sense the current drawn by the air conditioner. In this case,
the operational mode sensor 218 may draw power from the
power source 160.

FIG. 11 shows an illustrative method 300 for confirming,
that one or more commands sent to a building component of
a building or structure 6 were received and implemented. At
310, a controller, such as the discrete air conditioner con-
troller 10 and/or the central coordinator 14, may wirelessly
send one or more commands to a building component (e.g.,
discrete air conditioner unit 20) of a building or structure 6.
In some cases, the one or more commands may be config-
ured to change an operational mode of the air conditioner to
a predetermined operational mode. At 312, a sensor associ-
ated with the operational mode sensor 218 may be config-
ured to sense a measure ol power consumed by the building
component. For example, the current sensor 202 may sense
a current 1 a conductor of a power connection 170 supply-
ing power to discrete air conditioner unit 20. At 314, the
operational mode sensor 218 may compare the measure of
power consumed by the building component to a specified
threshold associated with the predetermined operational
mode of the building component. In some cases, the speci-
fied threshold may be based on a type and/or model of the
building component. At 316, based on the comparison, the
operational mode sensor 218 may determine the current
operating mode of the building component. At 318, the
operational mode sensor 218 may wirelessly send one or
more messages that indicate the current operating mode of
the building component. For example, the operational mode
sensor 218 may send a message indicating that the opera-
tional mode of discrete air conditioner unit 20 1s an ON
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mode or an OFF mode. In some cases, the ON mode may
correspond to a fan ON mode and/or a compressor ON

mode, and the OFF mode may correspond to a power OFF
mode and/or a standby mode. At 320, the controller (e.g., the
air conditioner controller and/or the central coordinator 14)
may confirm that the one or more commands were recerved
and implemented by the building component, 1t the building
component 1s 1n the predetermined operational mode.

EXAMPLES

Example 1 1s a building control system for controlling one
or more building components that service a building includ-
ing: a discrete air conditioner controller configured to com-
municate with and control one or more discrete air condi-
tioner units servicing the building, the discrete air
conditioner controller including a memory and a controller
located within a housing, the memory storing a program-
mable operating schedule for operating the one or more
discrete air conditioner umits, wherein the programmable
operating schedule includes two or more time periods, and
cach time period includes a corresponding programmable
temperature set point, the controller configured to send out
one or more commands to the one or more discrete air
conditioner units 1n accordance with the programmable
operating schedule stored in the memory; and a central
coordinator having a user interface, a memory, and a con-
troller, wherein the controller of the central coordinator 1s
configured to accept one or more parameters of the pro-
grammable operating schedule from a user via the user
interface of the central coordinator, and to send at least a
portion of the programmable operating schedule, including
one or more parameters accepted from a user, to the discrete
air conditioner controller, wherein at least a portion of the
programmable operating schedule sent to the discrete air
conditioner controller 1s stored in the memory of the discrete
air conditioner controller.

Example 2 includes the building control system according,
to example 1, wherein the discrete air conditioner controller
includes a first wireless interface and a second wireless
interface, wherein the central controller sends at least a
portion of the programmable operating schedule via the first
wireless interface, and the discrete air conditioner controller
sends out one or more commands to the one or more discrete
air conditioner units via the second wireless interface.

Example 3 includes the building control system according
to any one of examples 1 or 2, wherein the first wireless
interface includes a radio frequency (RF) wireless interface,
and the second wireless interface includes an Infrared (IR)
wireless 1nterface.

Example 4 includes the building control system according,
to any one of examples 1-3, wherein the discrete air condi-
tioner controller includes an occupancy sensor, and the
controller of the discrete air conditioner controller sends an
indication of occupancy to the central coordinator via the
first wireless interface.

Example 5 includes the building control system according,
to any one of examples 1-4, wherein the controller of the
central coordinator displays 1n indication of occupancy on
the user interface of the central coordinator.

Example 6 includes the building control system according,
to any one of examples 1-5, wherein the controller of the
central coordinator sends one or more signals to a lighting
controller based on the indication of occupancy received
from the discrete air conditioner controller.

Example 7 includes the building control system according
to any one of examples 1-6, wherein the discrete air condi-
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tioner controller includes a temperature sensor, and the
controller of the discrete air conditioner controller sends an
indication of temperature to the central coordinator via the
first wireless interface.

Example 8 includes the building control system according
to any one of examples 1-7, wherein the controller of the
central coordinator displays in indication of temperature on
the user interface of the central coordinator.

Example 9 includes the building control system according,
to any one of examples 1-8, wherein the user interface, the
memory, and the controller of the central coordinator are all
within a common housing.

Example 10 includes the building control system accord-
ing to any one of examples 1-9, wherein the memory and the
controller of the central coordinator are within a common
housing, and the user interface i1s remote from the common
housing.

Example 11 includes the building control system accord-
ing to any one of examples 1-10, wherein user interface 1s
part of a remote device that 1s located remotely from the
common housing.

Example 12 includes the building control system accord-
ing to any one of examples 1-11, wherein the remote device
1s a portable computing device, a smart phone, a tablet
computer, a lap top computer, or a desktop computer.

Example 13 includes the building control system accord-
ing to any one of examples 1-12, wherein the first wireless
interface 1s a WiF1 interface and the second wireless inter-
face 1s a mesh wireless interface.

Example 14 includes the building control system accord-
ing to any one of examples 1-13, further comprising a
discrete air conditioner unit for servicing the building con-
figured to receive one or more commands from the discrete
air conditioner controller.

Example 15 includes the building control system accord-
ing to any one of examples 1-14, further comprising a
current sensor unit operatively coupled the discrete air
conditioner unit to monitor current drawn by the discrete air
conditioner unit, wherein the current sensor unit 1s config-
ured to send a signal indicative of the current drawn to the
central coordinator.

Example 16 includes the building control system accord-
ing to any one of examples 1-15, wherein the central
coordinator uses the signal indicative of the current drawn to
confirm that the one or more commands sent to the discrete
air conditioner unit was actually recerved by the discrete air
conditioner umnit.

Example 17 includes the building control system accord-
ing to any one of examples 1-16, further comprising one or
more lighting banks having at least one light, wherein the
one or more lighting banks are configured to receive a
command from the central coordinator for operating the at
least one light.

Example 18 includes the building control system accord-
ing to any one of examples 1-17, wherein the controller of
the discrete air conditioner controller 1s configured to learn
one or more codes for controlling one or more discrete air
conditioner units by receiving one or more infrared signals
via a wireless interface, and to store the one or more codes
in the memory of the discrete air conditioner controller.

Example 19 1s a building control system for controlling
one or more building components that service a building
including: a central coordinator including an input/output
port for sending and/or receiving one or more signals over
a wireless network, a user interface for accepting one or
more 1nteractions from a user, and a controller coupled to the
input/output port, the user interface and the memory; a
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discrete air conditioner controller configured to communi-
cate with and control one or more discrete air conditioner
units that service the building, the discrete air conditioner
controller mcluding a wireless /O block for receiving
signals 1n a first signal format from the central coordinator
and for transmitting signals to the one or more discrete air
conditioner units 1n a second signal format, a memory, and
a controller coupled to the wireless I/O block and the
memory, the controller of the discrete air conditioner con-
troller configured to wirelessly transmit a signal for control-
ling at least one discrete air conditioner unit 1n response to
receiving a signal from the central coordinator; and the
discrete air conditioner controller including one or more of
a temperature sensor and an occupancy sensor.

Example 20 includes the building control system accord-
ing to example 19, wherein the wireless 1/0 block includes
a wireless radio frequency (RF) imterface and a wireless
inirared (IR) interface.

Example 21 includes the system according to examples 19
or 20, wherein the central coordinator 1s configured to send
a signal to the discrete air conditioner controller for con-
trolling the one or more discrete air conditioner units in
response to a signal indicative of a sensed parameter
received from the temperature sensor and/or the occupancy
SEeNnsor.

Example 22 1s a method of controlling a discrete air
conditioner umt that 1s servicing a building including the
steps of: recerving a signal indicative of a sensed parameter
at a central coordinator; transmitting a command having a
first signal format from the central coordinator to a discrete
air conditioner controller located near a discrete air condi-
tioner umt mounted in a ceiling, a wall or a window of the
building; and in response to receiving the transmitted com-
mand, transmitting a command having a second signal
format from the discrete air conditioner controller to the
discrete air conditioner unit for controlling operation of the
discrete air conditioner controller, wherein the first signal
format 1s different from the second signal format.

Example 23 1includes the method of example 22 and
turther comprises the steps of: transmitting an operating
schedule for the discrete air conditioner unit in a first signal
format from the central coordinator to the discrete air
conditioner controller; storing the operating schedule 1n a
memory of the discrete air conditioner controller; and send-
ing a command signal in a second signal format from the
discrete air conditioner controller to the discrete air condi-
tioner unit 1n accordance with the operating schedule that 1s
stored 1n the memory.

Example 24 includes the method according to examples
22 or example 23, further comprising receiving an updated
operating schedule at the discrete air conditioner controller,
the discrete air conditioner controller overwriting at least a
portion of the operating schedule stored 1n the memory with
the updated operating schedule.

Example 25 1s a building control system for controlling
one or more building components that service a building
including: a central coordinator having an input/output port
for wirelessly sending and receiving one or more signals to
and from at least one building component located within the
building, a memory, and a controller coupled to the mmput/
output port and the memory; a discrete air conditioner
control unit configured to communicate with and control one
or more remotely controllable discrete air conditioner units
servicing the building, each of the one or more remotely
controllable discrete air conditioner units being wirelessly
controllable via an associated handheld remote control; the
discrete air conditioner control unit having a first wireless
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interface for sending and receiving signals to and from the
central coordinator; the discrete air conditioner controller
having a second wireless interface for transmitting control
commands to the one or more discrete air conditioner units;
the discrete air conditioner control unit further configured to
accept at least one control command codes via the second
wireless interface from a handheld remote control umit
associated with at least one of the remotely controllable
discrete air conditioner units, and to use the at least one
control command codes when transmitting one or more
control commands to the one or more discrete air condi-
tioner units; and the discrete air conditioner control unit
turther configured to transmit the at least one control com-
mand codes to the central coordinator via the first wireless
interface, wherein the central coordinator 1s configured to
store the at least one control command codes 1n the memory
of the central coordinator.

Example 26 includes the system according to example 23,
wherein the central coordinator 1s configured to retrieve and
reproduce at least one of the control command codes pre-
viously stored 1n the memory, and to transmuit the reproduced
control command codes to the discrete air conditioner con-
troller for use 1n controlling a discrete air conditioner unait.

Example 2'7 includes the system according to examples 25
or 26, wherein the first wireless interface 1s a mesh network
interface, and the second wireless interface 1s an infrared
interface.

Example 28 includes the system according to any one of
examples 25-27, the central coordinator includes a control
command code database that stores a plurality of control
command codes that correspond to a plurality of different
discrete air conditioner unit types.

Example 29 includes the system according to any one of
examples 25-28, wherein the discrete air conditioner control
unit accepts via the second wireless interface at least one
control command code as a raw waveiorm.

Example 30 includes the system according to any one of
examples 25-29, wherein the raw waveform 1s not decoded
betore being stored 1n a memory of the discrete air condi-
tioner control unit.

Example 31 includes the system according to any one of
examples 25-30, wherein the raw waveform 1s an infrared
wave form.

Example 32 includes the system according to any one of
examples 25-31, further comprising a current sensor unit
coupled to a discrete air conditioner unit, the current sensor
unit configured to transmit a signal indicative of a change in
current draw of the discrete air conditioner unit.

Example 33 is an air conditioner control unit for control-
ling one or more discrete air conditioner units located within
a building including: a first wireless interface for sending
and receiving signals to and from a central coordinator; a
second wireless interface for transmitting control commands
to the one or more discrete air conditioner units, the first
wireless iterface using a different communication protocol
than the second wireless interface; a memory; a controller
coupled to the first wireless interface and the second wire-
less 1nterface, the controller configured to accept a first set
of infrared codes via the second wireless interface for use 1in
controlling a discrete air conditioner unit from a handheld
remote control that 1s associated with the discrete air con-
ditioner unit, and store the first set of infrared codes into the
memory; and the controller configured to receive one or
more commands from the central controller via the first
wireless interface, and based on the one or more received
commands, select an appropriate one or more of the first set
of infrared codes from the memory, and transmit the selected
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one or more of the first set of infrared codes to the discrete
air conditioner unit via the second wireless interface to
control the discrete air conditioner unit.

Example 34 includes the air conditioner control unit
according to example 33, wherein the first set of infrared
codes are accepted by the second wireless interface and then
stored as raw infrared wavelorms in the memory.

Example 35 includes the air conditioner control unit
according to examples 33 or 34, wherein the controller does
not decode the first set of infrared codes before storing them
in the memory.

Example 36 includes the air conditioner control unit
according to any one of examples 33-35, wherein the
controller 1s further configured to transmait the first set of
infrared codes to the central coordinator via the first wireless
interface for subsequent use by other air conditioner control
units.

Example 37 1s a method of controlling one or more
discrete air conditioner units that service a building includ-
ing the steps of: wirelessly receiving at least one IR code for
controlling a discrete air conditioner unit from a handheld
remote control that 1s associated with the discrete air con-
ditioner unit, the IR code received as a raw waveform;
storing the raw wavelorm of the at least one code 1n a
memory; associating the raw wavetform of the at least one
code with a discrete air conditioner unit type, and storing the
association; transmitting the raw waveform of the at least
one code, and the association, to a central coordinator; and
storing the raw wavelorm of the at least one code 1n a
memory of the central coordinator.

Example 38 includes the method according to example 37
and further comprises: retrieving the raw waveform of the at
least one code from the memory of the central coordinator;
and transmitting the raw waveform of the at least one code
to a discrete air conditioner controller for controlling a
discrete air conditioner unit.

Example 39 includes the method according to examples
3’7 or 38 and further comprises transmitting the raw wave-
form of the at least one code to the discrete air conditioner
controller in response to a signal received from a user
interface of the central coordinator indicating a parameter
change.

Example 40 includes the method according to any one of

examples 37-39, and further comprises: transmitting the raw
wavelorm of the at least one code to a discrete air condi-
tioner unit to effect a change 1n operation of the discrete air
conditioner unit; receiving a signal from a current sensor
assoclated with the discrete air conditioner unit; and con-
firming successiul receipt of the raw wavelorm of the at least
one code at the discrete air conditioner unit by noting a
corresponding change in the signal recerved from the current
SENSor.

Example 41 includes the method according to any one of
examples 37-40 and, further comprises: transmitting the raw
wavelorm of the at least one code to a discrete air condi-
tioner unit to effect a change 1n operation of the discrete air
conditioner unit; and receiving an auditory signal from the
discrete air conditioner unit confirming successiul receipt of
the raw waveform of the at least one code at the discrete air
conditioner umnit.

Example 42 includes the method according to any one of
examples 37-41, and further comprises: transmitting the raw
wavelorm of the at least one code to a discrete air condi-
tioner unit to effect a change in operation of the discrete air
conditioner unit; and receiving a visual signal from the
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discrete air conditioner unit confirming successiul receipt of
the raw wavelorm of the at least one code at the discrete air
conditioner umnit.

Example 43 includes the method according to any one of
examples 37-42, wherein the visual signal includes a two-
dimensional 1mage of a display of the discrete air condi-
tioner unit.

Example 44 includes the method according to any one of
examples 37-43 and, further comprises: transmitting the raw
wavelorm of the at least one code to a discrete air condi-
tioner unit to effect a change in operation of the discrete air
conditioner unit; and receiving an IR signal from the discrete
air conditioner unit confirming successiul receipt of the raw
wavelorm of the at least one code at the discrete air
conditioner unit.

Example 45 1s a controller unit for controlling a discrete
air conditioning unit mounted to a wall, ceiling or window
of a building including: a housing including one or more
features to aid 1n mounting the controller unit to a surface of
the building; a memory located within the housing for
storing a programmable operating schedule for a discrete air
conditioning unit, wherein the programmable operating
schedule includes two or more time periods, and each time
period includes a corresponding programmable temperature
set point; a first wireless interface for communicating with
a remotely located central coordinator; a second wireless
interface for communicating with the discrete air condition-
ing unit, the first wireless interface using a diflerent com-
munication protocol than the second wireless interface; a
temperature sensor; and a controller located within the
housing and coupled to the memory, the first wireless
interface, the second wireless interface, and the temperature
sensor, the controller configured to send out a command to
the discrete air conditioning unit via the second wireless
interface in accordance with the programmable operating
schedule stored in the memory, the controller also config-
ured to receive one or more schedule updates to the pro-
grammable operating schedule via the first wireless inter-
face.

Example 46 includes the controller unit according to
example 45, further comprising an occupancy sensof.

Example 47 includes the controller unit according to
examples 45 or 46, wherein the second wireless interface 1s
an inirared wireless interface.

Example 48 includes the controller unit according to any
one of examples 45-47, wherein the first wireless 1nterface
1s a mesh wireless network interface.

Example 49 includes the controller unit according to any
one of examples 45-48, wherein the first wireless 1nterface
1s an ad hoc wireless network interface.

Example 50 includes the controller unit according to any
one of examples 45-49, wherein the first wireless 1nterface
1s a wifl wireless network interface.

Example 51 includes the controller unit according to any
one of examples 45-50, wherein the controller 1s further
configured to transmit a signal indicative of a temperature
sensed by the temperature sensor via the first wireless
interface.

Example 52 includes the controller unit according to any
one of examples 45-31, wherein the controller unit 1s battery
powered.

Example 53 includes the controller unit according to any
one of examples 45-52, wherein the controller 1s powered by
a line voltage with battery backup.

Example 54 1s a controller unit for controlling a discrete
air conditioning unit mounted in a wall, ceiling or window
of a building including: a housing; a first wireless 1nterface
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for communicating with a remotely located central coordi-
nator; a second wireless interface for communicating with
the discrete air conditioning unit, the first wireless interface
using a different communication protocol than the second
wireless interface; a memory for storing one or more oper-
ating parameters mcluding a temperature set point; a tem-
perature sensor for sensing a temperature 1n or around the
housing; and a controller located within the housing and
coupled to the first wireless interface, the second wireless
interface, the memory and the temperature sensor, the con-
troller configured to send out one or more commands to the
discrete air conditioming unit via the second wireless inter-
face 1n an attempt to control the temperature sensed by the
temperature sensor 1 accordance with the temperature set
point stored 1n the memory, the controller further configured
to rece1ve one or more set point updates via the first wireless
interface, and to store the one or more set point updates 1n
the memory.

Example 55 includes the controller unit according to
example 54 wherein the first wireless interface 1s a radio
frequency (RF) wireless interface for sending and/or receiv-
ing RF signals, and the second wireless interface i1s an
infrared (IR) wireless intertace for sending and/or receiving
IR signals.

Example 36 includes the controller unit according to
examples 34 or 55, wherein after a set point update is
recetved via the first wireless interface, the controller is
configured to send out one or more commands to the discrete
air conditioning unit via the second wireless interface 1 an
attempt to control the temperature sensed by the temperature
sensor 1n accordance with the updated temperature set point.

Example 57 includes the controller unit according to any
one of examples 54-36, further comprising an occupancy
sensor for providing an indication ol occupancy.

Example 38 includes the controller unit according to any
one of examples 54-57, wherein the memory 1includes a {first
temperature set point for when occupancy is detected by the
occupancy detector and a second temperature set point for
when occupancy is not detected by the occupancy detector;
the controller 1s configured to send out one or more com-
mands to the discrete air conditioning unit via the second
wireless interface 1n an attempt to control the temperature
sensed by the temperature sensor 1n accordance with the first
temperature set point stored 1n the memory when the occu-
pancy detector indicates occupancy; and the controller 1s
coniigured to send out one or more commands to the discrete
air conditioning unit via the second wireless interface 1n an
attempt to control the temperature sensed by the temperature
sensor 1n accordance with the second temperature set point
stored 1n the memory when the occupancy detector does not
indicate occupancy.

Example 59 includes the controller unit according to any
one of examples 54-58, wherein the memory stores a pro-
grammable operating schedule for the discrete air condition-
ing unit, wherein the programmable operating schedule
includes two or more time periods, and each time period
includes a corresponding programmable temperature set
point; and wherein the controller 1s configured to send out a
command to the discrete air conditioning unit via the second
wireless 1nterface in accordance with the programmable
operating schedule stored 1n the memory.

Example 60 includes the controller unit according to any
one of examples 54-59, wherein the controller 1s configured
to receive one or more schedule updates to the program-
mable operating schedule via the first wireless interface.
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Example 61 includes the controller according to any one
of examples 54-60, wherein the controller 1s battery pow-
ered.

Example 62 1s a method of controlling a discrete air
conditioner unit servicing a building or structure including
the steps of: recerving an operating schedule for the discrete
air conditioner umt 1n a first signal format at a discrete air
conditioner controller unit via a first wireless 1nterface of the
discrete air conditioner controller unit, the discrete air con-
ditioner controller unit having a memory and controller
coupled to the memory, the memory and the controller
located within a housing that 1s mountable to a surface of the
building or structure, the discrete air conditioner controller
unit configured to control the discrete air conditioner unit
from a remote location via a second wireless interface 1n
accordance with the operating schedule stored in the
memory; storing the received operating schedule in the
memory of the discrete air conditioner controller unit; and
sending one or more commands 1n a second signal format
from the discrete air conditioner controller unit to the
discrete air conditioner unit via the second wireless interface
in accordance with the received operating schedule stored 1n
the memory of the discrete air conditioner controller unait.

Example 63 includes the method according to example
62, and further comprises detecting occupancy within the
building or structure, and if occupancy 1s detected, sending
one or more commands 1n the second signal format from the
discrete air conditioner controller unit to the discrete air
conditioner unit via the second wireless interface in accor-
dance with an occupied temperature set point, and 1f occu-
pancy 1s not detected, sending one or more commands in the
second signal format from the discrete air conditioner con-
troller unit to the discrete air conditioner unit via the second
wireless interface 1 accordance with an unoccupied tem-
perature set point.

Example 64 includes the method of examples 62 or 63,
wherein the operating schedule includes one or both of
occupied temperature set points and unoccupied temperature
set points.

Example 65 1s a building control system for controlling
one or more building components that service a building
including: a central coordinator comprising an wireless
interface for wirelessly sending and receiving one or more
wireless signals, a user interface for accepting one or more
user mteractions from a user, and a controller coupled to the
input/output port, the user interface and the memory, the
central coordinator 1s powered by a line voltage; a discrete
air conditioner controller configured to communicate with
and control one or more discrete air conditioner units that
service a building, the discrete air conditioner controller
including a first wireless interface for wirelessly communi-
cating with the central coordinator via a mesh network, and
a second wireless interface for communicating with one or
more discrete air conditioner units, the second wireless
interface includes an infrared (IR) interface for transmitting
IR control codes to the one or more discrete air conditioner
units, the discrete air conditioner controller 1s powered by a
battery; the discrete air conditioner controller further
includes one or more sensors, wherein the one or more
sensors include one or more of a temperature sensor, an
occupancy sensor, a humidity sensor and a light sensor; and
wherein the discrete air conditioner controller 1s configured
to transition between a sleep mode 1n which less power 1s
consumed and an active mode in which more power 1is
consumed, wherein 1n the active mode the discrete air
conditioner controller 1s configured to transmit over the
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mesh network, and wherein 1n the sleep mode the discrete air
conditioner controller 1s configured to not transmit over the
mesh network.

Example 66 includes the building control system accord-
ing to example 635, wherein the discrete air conditioner
controller 1s configured to communicate a measure related to
a parameter sensed by the one or more sensors to the central
coordinator via the first wireless interface when the discrete
air conditioner controller 1s 1n the active mode.

Example 67 includes the building control system accord-
ing to examples 65 or 66, wherein the discrete air condi-
tioner controller 1s configured to transition between the sleep
mode and the active mode according to a schedule.

Example 68 mcludes the building control system accord-
ing to any one of examples 65-67, wherein the schedule 1s
communicated from the central coordinator to the discrete
air conditioner controller via the mesh network.

Example 69 includes the building control system accord-
ing to any one of examples 65-68, wherein the discrete air
conditioner controller 1s configured to transition between the
sleep mode and the active mode 1n accordance with a beacon
signal received from the central coordinator.

Example 70 1s a discrete air conditioner controller for
communicating with and controlling one or more discrete air
conditioner units that service a building, the discrete air
conditioner controller operating in conjunction with a cen-
tral coordinator that has a wireless interface for wirelessly
sending and receiving one or more wireless signals, a user
interface for accepting one or more user interactions from a
user, and a controller coupled to the input/output port, the
user interface and the memory, the discrete air conditioner
controller having a housing that houses: a first wireless
interface for wirelessly communicating with the central
coordinator via a first network; a second wireless interface
for communicating with the one or more discrete air con-
ditioner units, the second wireless interface using a different
communications protocol than the first wireless interface; at
least one sensor, wherein the at least one sensor includes one
or more ol a temperature sensor, an occupancy sensor, a
humidity sensor and a light sensor; a controller configured to
transition the discrete air conditioner controller between a
sleep mode 1n which less power 1s consumed and an active
mode 1n which more power 1s consumed, and wherein 1n the
active mode the discrete air conditioner controller 1s con-
figured to communicate over the first network, and 1n the
sleep mode the discrete air conditioner controller 1s config-
ured to not communicate over the first network; and a battery
holder for holding a battery for powering the discrete air
conditioner controller.

Example 71 includes the discrete air conditioner control-
ler according to example 70, wherein the second wireless
interface mcludes 1n infrared (IR) interface.

Example 72 includes the discrete air conditioner control-
ler according to examples 70 or 71, wherein the at least one
sensor 1s 1active when the discrete air conditioner controller
1s 1n the sleep mode.

Example 73 includes the discrete air conditioner control-
ler according to any one of examples 70-72, wherein the
discrete air conditioner controller 1s configured to commu-
nicate a measure related to a parameter sensed by the at least
one sensor to the central coordinator via the first wireless
interface when the discrete air conditioner controller 1s in the
active mode.

Example 74 includes the discrete air conditioner control-
ler according to any one of examples 70-73, wherein the
discrete air conditioner controller 1s configured to switch
from the sleep mode to the active mode when a measure
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related to a parameter sensed by the at least one sensor meets
one or more predetermined criteria.

Example 75 includes the discrete air conditioner control-
ler according to any one of examples 70-74, wherein the
discrete air conditioner controller 1s configured to 1nitiate a
communication with one or more discrete air conditioner
units when a measure related to a parameter sensed by the
at least one sensor meets one or more predetermined criteria.

Example 76 includes the discrete air conditioner control-
ler according to any one of examples 70-75, wherein the
discrete air conditioner controller 1s configured to transition
between the sleep mode and the active mode according to a
schedule.

Example 77 includes the discrete air conditioner control-
ler according to any one of examples 70-76, wherein the
schedule 1s communicated from the central coordinator to
the discrete air conditioner controller via the first network.

Example 78 includes the discrete air conditioner control-
ler according to any one of examples 70-77, wherein the
duration of the active mode 1s dynamically updated accord-
ing to one or more of density of nodes on the first network
and the expected traflic on the first network.

Example 79 includes the discrete air conditioner control-
ler according to any one of examples 70-78, wherein the
discrete air conditioner controller 1s configured to transition
between the sleep mode and the active mode 1n accordance
with a beacon signal received from the central coordinator.

Example 80 includes the discrete air conditioner control-
ler according to any one of examples 70-79, wherein the
discrete air conditioner controller 1s configured to transition
from the sleep mode to the active mode a predetermined
delay after receiving a beacon signal from the central
coordinator.

Example 81 includes the discrete air conditioner control-
ler according to any one of examples 70-80, wherein the
discrete air conditioner controller remains 1n the active mode
for a duration that 1s dynamically set by the beacon signal.

Example 82 includes the discrete air conditioner control-
ler according to any one of examples 70-81, wherein the
discrete air conditioner controller 1s configured to remain 1n
a pre-sleep state when 1n the sleep mode, such that when the
discrete air conditioner controller subsequently transition to
the active mode, the discrete air conditioner controller
continues to execute from the pre-sleep state.

Example 83 includes the discrete air conditioner control-
ler according to any one of examples 70-82, wherein the
discrete air conditioner controller 1s configured to transmit
data to the central coordinator according to a predetermined
schedule, wherein the discrete air conditioner controller
transition from the sleep mode to the active mode 1n accor-
dance with the predetermined schedule, wherein the discrete
air conditioner controller 1s configured to return to the
passive mode after the data has been transmitted to the
central coordinator.

Example 84 includes the discrete air conditioner control-
ler according to any one of examples 70-83, further com-
prising at least one lighting controller for controlling one or
more light banks each having at least one light.

Example 85 1s a method of controlling a discrete air
conditioner unit that services a building including the steps
of: transmitting a command over a {irst wireless communi-
cations path from a central coordinator to a discrete air
conditioner controller located near a discrete air conditioner
unit mounted on a ceiling, a wall or a window of the
building; in response to recerving the command over the first
wireless communications path, transmitting a command
over a second wireless communications path from the dis-




US 10,330,335 B2

37

crete air conditioner controller to the discrete air conditioner
unit for controlling operation of the discrete air conditioner
controller, wherein the first wireless communications path 1s
not compatible with the second wireless communications
path; sensing one or more sensed parameters at the discrete
alr conditioner controller, and 1f the one or more sensed
parameters meet one or more predetermined criteria, trans-
mitting one or more commands over a second wireless
communications path from the discrete air conditioner con-
troller to the discrete air conditioner unit for controlling
operation of the discrete air conditioner controller; transi-
tioming the discrete air conditioner controller between a
sleep mode 1n which less power 1s consumed and an active
mode 1n which more power 1s consumed, wherein in the
active mode the discrete air conditioner controller 1s con-
figured to transmit data to the central coordinator via the first
wireless communications path, and wheremn in the sleep
mode the discrete air conditioner controller 1s configured to
not transmit data over the first wireless communications
path.

Example 86 1s an apparatus for detecting an operational
mode of a building component of an environmental control
system including: a sensor for outputting a signal related to
a measure ol power drawn by the building component; a
signal conditioning circuit coupled to the sensor, the signal
conditioning circuit for conditioning the signal received
from the sensor; a comparator coupled to the signal condi-
tioming circuit, the comparator for comparing the condi-
tioned signal to a specified threshold associated with an ON
condition of the building component; and a wireless inter-
face configured to wirelessly transmit a determination of
whether the building component 1s ON or OFF based on a
result determined by the comparator.

Example 87 includes the apparatus of example 86,
wherein the sensor includes a split core current sensor
wherein the split core current sensor 1s coupled around at
least one conductor of a power cord of the building com-
ponent.

Example 88 includes the apparatus of examples 86 or 87,
wherein the signal conditioning circuit conditions the signal
received from the sensor by amplifying and/or filtering.

Example 89 includes the apparatus according to any one
of examples 86-88, wherein the comparator compares the
conditioned signal to two or more specified thresholds,
wherein a first threshold corresponds to a first operational
mode of the building component, and a second threshold
corresponds to a second operational mode of the building
component, and wherein both the first operational mode and
the second operational mode correspond to operational
modes when the building component 1s ON.

Example 90 includes the apparatus according to any one
of examples 85-89, wherein the first threshold and the
second threshold are configurable.

Example 91 includes the apparatus according to any one
of examples 85-90, wherein the building component 1s an air
conditioner, and wherein the first threshold corresponds to
an operational mode indicating that a fan 1s ON, and the
second threshold corresponds to an operational mode 1ndi-
cating that both a compressor and the fan are ON.

Example 92 includes the apparatus according to any one
of examples 85-91, wherein the building component 1s an air
conditioner, and the apparatus determines the operational
mode of the building component in response to a message
received at the wireless interface sent by a discrete air
conditioner controller.

Example 93 includes the apparatus according to any one
of examples 85-92, further comprising a timer circuit,
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wherein the apparatus transmits the determined operational
mode of the building component via the wireless interface
alter a specified duration that 1s timed by the timer circuit.

Example 94 includes the apparatus according to any one
of examples 85-93, further comprising a controller and a
memory for storing information about one or more diflerent
air conditioner models, wherein the controller 1s configured
to determine the specified threshold using the mformation
about the one or more different air conditioner models.

Example 95 includes the apparatus according to any one
of examples 85-94, wherein the controller 1s further config-
ured to determine a duty cycle of the air conditioner.

Example 96 1s a building control system for controlling
one or more building components located within a building
including: an air conditioner coupled to a power source; a
discrete air conditioner controller configured to communi-
cate with and control one or more discrete air conditioner
units located within the building via a first wireless com-
munications path, the discrete air conditioner controller
comprising a memory and a controller located within a
housing, the memory storing an operating schedule for
operating the one or more discrete air conditioner units and
the controller configured to send out one or more commands
to the one or more discrete air conditioner units 1n accor-
dance with the operating schedule stored 1n the memory; a
central coordinator comprising a user interface, a memory,
and a controller, the controller of the central coordinator
configured to receive and accept an operating schedule from
a user via the user interface and to send at least a portion of
the operating schedule to the discrete air conditioner con-
troller via a second wireless communications path, wherein
at least a portion of the operating schedule 1s stored 1n the
memory of the discrete air conditioner controller; and an
operational mode sensor associated with the air conditioner
including a current sensor for outputting a signal related to
a measure ol power drawn by the building component, a
signal conditioning circuit coupled to the current sensor, the
signal conditioning circuit for conditioning the signal
received from the current sensor, a comparator coupled to
the signal conditioning circuit, the comparator for compar-
ing the conditioned signal to a specified threshold associated
with an ON condition of the building component, and a
wireless 1nterface configured to communicate a determina-
tion of whether the building component 1s ON or OFF based
on a result determined by the comparator.

Example 97 includes the building control system of
example 96, wherein the current sensor 1s a split core current
sensor wherein the current sensor 1s coupled around at least
one conductor of a power cord of the air conditioner.

Example 98 includes the building control system accord-
ing to examples 96 or 97, wherein the signal conditioning
circuit conditions the signal recerved from the current sensor
by amplifying and/or filtering.

Example 99 includes the building control system accord-
ing to any one of examples 96-98, wherein the comparator
compares the conditioned signal to two or more specified
thresholds, wherein a first threshold corresponds to a first
operational mode of the air conditioner, and a second
threshold corresponds to a second operational mode of the
air conditioner, and wherein the first operational mode and
the second operational mode both correspond to operational
modes when the air conditioner 1s ON.

Example 100 includes the building control system accord-
ing to any one of examples 96-99, wherein the first threshold
and the second threshold are configurable.

Example 101 includes the building control system accord-
ing to any one ol examples 96-100, wherein the first
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threshold corresponds to an operational mode indicating that
a fan of the air conditioner 1s ON, and the second threshold
corresponds to an operational mode indicating that a com-
pressor and the fan of the air conditioner are ON.

Example 102 1s a method of confirming that one or more
commands that were wirelessly sent to a building compo-
nent of a building were received and implemented including,
the steps of: wirelessly sending one or more commands to a
building component of a building, the one or more com-
mands configured to change an operational mode of the
building component to a predetermined operational mode;
sensing a measure of power consumed by the building
component; comparing the measure of power consumed by
the building component to a specified threshold associated
with the predetermined operational mode of the building
component, and based on the comparison, determining
whether the building component 1s in the predetermined
operational mode; wirelessly sending one or more messages
that indicate whether the building component 1s in the
predetermined operational mode; and 11 the building com-
ponent 1s 1n the predetermined operational mode, confirming,
that the one or more commands were received and 1mple-
mented by the building component.

Example 103 includes the method according to example
102, and further comprises configuring the specified thresh-
old based on a building component type.

Example 104 includes the method according to examples
102 or 103, wheremn the building component 1s an air
conditioner unit.

Example 105 includes the method according to any one of
examples 102-104, wherein the predetermined operational
mode corresponds to an ON mode as opposed to an OFF
mode.

Having thus described several 1llustrative embodiments of
the present disclosure, those of skill in the art will readily
appreciate that yet other embodiments may be made and
used within the scope of the claims hereto attached. Numer-
ous advantages of the disclosure covered by this document
have been set forth in the foregoing description. It will be
understood, however, that this disclosure 1s, 1n many respect,
only 1llustrative. Changes may be made in details, particu-
larly 1n matters of shape, size, and arrangement of parts
without exceeding the scope of the disclosure. The disclo-
sure’s scope 1s, ol course, defined 1n the language 1n which
the appended claims are expressed.

What 1s claimed 1s:

1. An apparatus comprising:

a remote control unit;

a building component;

wherein the building component 1s configured to receive
wireless control commands from the remote control
umt but the building component i1s incapable of trans-
mitting 1ts operational status in response to a received
wireless control command from the remote control
unit;

a sensing module comprising:

a sensor for outputting a signal related to a measure of
power drawn by the building component;

a signal conditioning circuit coupled to the sensor, the
signal conditioning circuit for conditioning the sig-
nal recerved from the sensor;

a comparator coupled to the signal conditioning circuit,
the comparator for comparing the conditioned signal
to a specified threshold associated with an ON con-
dition of the building component;
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a wireless intertface configured to wirelessly transmit a
determination of whether the building component 1s
ON or OFF based on a result determined by the
comparator; and

wherein the remote control unit 1s configured to receive

from the wireless interface of the sensing unit the

determination of whether the building component is

ON or OFF, and to use the determination to confirm

whether or not the building component received a

wireless control command transmitted to the building
component by the remote control unait.

2. The apparatus of claim 1, wherein the sensor of the
sensor unit includes a split core current sensor wherein the
split core current sensor 1s coupled around at least one
conductor of a power cord of the building component.

3. The apparatus of claim 1, wherein the signal condi-
tioning circuit of the sensor unit conditions the signal
received from the sensor by amplifying and/or filtering.

4. The apparatus of claim 1, wherein the comparator of the
sensor unit compares the conditioned signal to two or more
specified thresholds, wherein a first threshold corresponds to
a lirst operational mode of the building component, and a
second threshold corresponds to a second operational mode
of the bwlding component, and wherein both the first
operational mode and the second operational mode corre-
spond to operational modes when the building component 1s
ON.

5. The apparatus of claim 4, wherein the first threshold
and the second threshold are configurable.

6. The apparatus of claim 4, wherein the building com-
ponent 1s an air conditioner, and wherein the first threshold
corresponds to an operational mode indicating that a fan 1s
ON, and the second threshold corresponds to an operational
mode indicating that both a compressor and the fan are ON.

7. The apparatus of claim 1, wherein the bulding com-
ponent 1s an air conditioner, and the apparatus determines
the operational mode of the building component 1n response
to a message receirved at the wireless interface of the sensor
unit sent by the remote control unit.

8. The apparatus of claim 7, further comprising a timer
circuit, wherein the apparatus transmits the determined
operational mode of the building component via the wireless
interface after a specified duration that 1s timed by the timer
circuit.

9. The apparatus of claim 7, further comprising a con-
troller and a memory for storing information about one or
more different air conditioner models, wherein the controller
1s configured to determine the specified threshold using the
information about the one or more different air conditioner
models.

10. The apparatus of claim 7, wherein the controller 1s
further configured to determine a duty cycle of the air
conditioner.

11. A building control system for controlling one or more
building components located within a building including at
least one discrete air conditioner unit, the building control
system comprising;:

a discrete air conditioner unmt coupled to a power source;

a discrete air conditioner controller configured to com-

municate with and control the discrete air conditioner

unit via one or more commands transmitted to the
discrete air conditioner unit via a first wireless com-
munications path, the discrete air conditioner controller

comprising a memory and a controller located within a

housing, the memory storing an operating schedule for
operating the discrete air conditioner unit and the
controller configured to send out one or more com-
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mands to the discrete air conditioner unit in accordance
with the operating schedule stored 1n the memory;

a central coordinator comprising a user interface, a
memory, and a controller, the controller of the central
coordinator configured to receirve and accept an oper-
ating schedule from a user via the user interface and to

send at least a portion of the operating schedule to the
discrete air conditioner controller via a second wireless

communications path, wherein at least a portion of the

operating schedule i1s stored in the memory of the
discrete air conditioner controller; and

an operational mode sensor associated with the air con-
ditioner, the operational mode sensor comprising:
a current sensor for outputting a signal related to a

measure of power drawn by the discrete air condi-
tioner unit;

a signal conditioning circuit coupled to the current
sensor, the signal conditioning circuit for condition-
ing the signal recerved from the current sensor;

a comparator coupled to the signal conditioning circuit,
the comparator for comparing the conditioned signal
to a specified threshold associated with an ON con-
dition of the discrete air conditioner unit; and

a wireless interface configured to communicate a deter-
mination of whether the discrete air conditioner unit
1s ON or OFF based on a result determined by the
comparator; and

wherein the discrete air conditioner controller confirms

whether the discrete air conditioner unit received the

commands from the discrete air conditioner controller
based at least in part on the determination of whether
the discrete air conditioner unit 1s ON or OFF.

12. The building control system of claim 11, wherein the
current sensor 1s a split core current sensor wherein the
current sensor of the operational mode sensor 1s coupled
around at least one conductor of a power cord of the discrete
air conditioner umnit.

13. The building control system of claim 11, wherein the
signal conditioning circuit of the operational mode sensor
conditions the signal received from the current sensor by
amplifving and/or filtering.

14. The building control system of claim 11, wherein the
comparator ol the operational mode sensor compares the
conditioned signal to two or more specified thresholds,
wherein a first threshold corresponds to a first operational
mode of the discrete air conditioner unit, and a second
threshold corresponds to a second operational mode of the
discrete air conditioner unit, and wherein the first opera-
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tional mode and the second operational mode both corre-
spond to operational modes when the air conditioner 1s ON.
15. The building control system of claim 14, wherein the

first threshold and the second threshold are configurable.

16. The building control system of claim 14, wherein the
first threshold corresponds to an operational mode indicating
that a fan of the air conditioner 1s ON, and the second
threshold corresponds to an operational mode indicating that

a compressor and the fan of the discrete air conditioner unit
are ON.

17. A method of confirming that one or more commands
that were wirelessly sent to a building component of a
building were recerved and implemented, wherein the build-
ing component 1s configured to receive the one or more
commands from a remote control unit but 1s incapable of
transmitting confirmation that the one or more commands
were received and implemented 1n response receiving the
one or more commands from the remote control unit, the
method comprising:

wirelessly sending the one or more commands to the

building component of the building, the one or more
commands configured to change an operational mode
of the building component to a predetermined opera-
tional mode:;

sensing a measure of power consumed by the building

component;

comparing the measure ol power consumed by the build-

ing component to a specified threshold associated with
the predetermined operational mode of the building
component, and based on the comparison, determining,
whether the building component 1s 1n the predeter-
mined operational mode;

wirelessly sending one or more messages that indicate

whether the building component 1s 1n the predeter-
mined operational mode; and

confirming that the one or more commands were received

and 1implemented by the building component with the
building component in the predetermined operational
mode, and using the confirmation i1n subsequently
controlling the building component.

18. The method of claim 17, further comprising:

configuring the specified threshold based on a building

component type.

19. The method of claim 17, wherein the building com-
ponent 1s an air conditioner unit.

20. The method of claim 17, wherein the predetermined
operational mode corresponds to an ON mode as opposed to

an OFF mode.
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